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EXECUTIVE SUMMARY 

This document presents the Work Plan for the component studies which make up the Seepage 
Characterization project at the Rocky Flats Environmental Technology Site (RFETS), Jefferson 

County, Colorado. The purpose of this Work Plan is to describe the studies and to provide the 

methods, procedures, and rationale used to perform them. 

This work is authorized by the U. S. Department of Energy (DOE) under the direction of EG&G 

Rocky Flats, Inc. (EG&G) Environmental Restoration Program Division (ERPD), as a part of 

efforts to characterize site hydrogeology. The Seepage Characterization is being performed to 

assess the nature and occurrence of contamination at selected spring and seep sites associated 
with the B- and C- Series ponds, and other areas within the Woman Creek, Walnut Creek, and 

No Name Gulch (also known as "Unnamed Tributary") drainages. 

The studies described in this Work Plan are not Resource Conservation and Recovery Act 

(RCRA) Facility InvestigationsRemedial Investigations (RFI/RIs). However, because the studies 

take place within the boundaries of some of the Operable Units (OUs) at the RFETS, it is 

anticipated that some of the data resulting from these studies may be used as background and/or 

supporting information for selected RCRNComprehensive Environmental Response 

Compensation and Liability Act (CERCLA) OU RFyRIs. Therefore, this Work Plan follows the 

format given in the Environmental Management Administrative Procedures Manual (APM) (DOE, 

1994a), Section 5.03, Rev. 0, RFI/RI Work Plan Development, to the extent applicable. 

In keeping with the APM, the introduction gives the objectives of the studies, an overview of the 

Environmental Restoration Program, the scope of this Work Plan, and regional and site 

background information. Also in keeping with the APM format, site characterization information 

SEEPCHAILWP May 1, 1995 
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is summarized for the various OUs; Data Quality Objectives (DQOs) are discussed; a brief Field 

Sampling Plan (FSP) is presented; a Quality Assurance Addendum (QAA) is provided; a project 

schedule is presented; and standard operating procedures (OPs) are discussed. 

, 
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1.0 INTRODUCTION 

The studies associated with this project are being conducted in support of the site-wide 

hydrogeologic characterization and modeling efforts associated with selected OUs. The Seepage 

Characterization Program is being performed to assess the nature and occurrence of 

contamination at selected spring and seep sites associated with the B- and C-Series ponds, and 

other areas within the Woman Creek, Walnut Creek, and No Name Gulch drainages. Potential 

surface and groundwater interactions also will be assessed by analyzing the flow and 

environmental isotope characteristics of individual seeps, and gain and loss surface flow 

characteristics of Woman and Rock Creeks. The studies associated with the Seepage 
Characterization are primarily located within OUs 5 and 6 (Figure 1). However, some locations 

lie in the RFETS' Buffer Zone outside of any OU boundaries (Figures 2 and 3). 

1.1 Seepage Characterization Objectives 

The primary objectives of the Seepage Characterization program are to assess the nature and 

occurrence of contamination at selected seep and spring locations; to evaluate surface and 

groundwater interactions; and to collect basic hydrologic data in support of assessments designed 

to investigate groundwater occurrence and distribution, and aquifer properties. These objectives 

will be accomplished by performing the following activities: 

a Installation, development and sampling of well points; 

Investigation of stream gaidloss; and 

Monitoring and inventory of site-wide springlseeps. 

a 

a 

0 

b 
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The accomplishment of these objectives will support a variety of projects including the OU 5, 

6, and 7 Remedial Investigations, the 1995 Aquifer Testing Program, the Site-Wide Groundwater 

Flow Model, the 1995 Environmental Isotope Project, the OU 5 Surface Water Model, the 1995 

Ecological Monitoring Program (aquatic biota), the Site-Wide Water Budget Project, and the Site- 

Wide Hydrogeologic Characterization. The objectives of each activity are described below in 

more detail. 

1.1.1 Well-Point Installation and Sampling 

The well-point program is being implemented to support four independent activities which in turn 
support FWETS hydrogeologic characterization, modeling and water budget efforts. These 

activities include: 
e an evaluation of contaminant nature and occurrence at selected seep 

locations in OUs 5 and 6; 

e expansion of the existing well network to provide improved control of the 
alluvial potentiometric surface for calibration of the site-wide numerical 
flow model; 

0 installation of multiple-well observation wells at existing well sites in 
Woman and Walnut Creek valley fill alluvial materials for aquifer testing 
purposes; and 

0 installation of well points along the Site east boundary (Indiana Street) to 
provide additional saturated thickness control for water budget calculations. 

Seep Contamination Detection 

OU 5 and 6 project staff are concerned about potential contaminant migration from the adjacent 

OUs. Data is currently unavailable along most intervening hillslope areas. Seeps in these areas a 
May 1. 1995 SEEPCHARWP 
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have been selected for investigation because they represent areas of groundwater flow that are 

potential migration pathways. The location of well points at seeps also virtually eliminates the 

possibility of dry wells which have been a problem at other hillside investigations (OUs 1 and 

5 )  due to the complexity of saturated conditions on the hillsides. 

Seep locations which occur above the B-Series ponds, as well as other areas within Woman 

Creek and Walnut Creeks (see Figures 2a and 2b) are targeted for investigation. These seeps will 

be investigated by installing and sampling small-diameter (up to OS-inch (in)) well points driven 

at each location. 

@ ImDroved Potentiometric Control 

Well points intended to provide additional control of the alluvial potentiometric surface are 

proposed to fill in strategic gaps in our knowledge of the shallow groundwater flow system. This 

activity is based in part on a request from DOE (G. S. Hill, written communication, 1994) to 

provide additional data for groundwater modeling purposes. The information to be provided by 

these well points is critical for specifying boundary conditions (unsaturated areas) and calibration 

criteria (saturated areas) for site-wide groundwater modeling activities. 

Aauifer Testing 

The Woman and Walnut Creek valley fill alluvium represent the primary lateral groundwater 

flow path for the off-site migration of contaminants, yet the hydraulic characteristics of these 

deposits below the terminal ponds are essentially unknown. The installation of well point 

observation wells at existing well sites supports aquifer testing activities planned for 1995. The 

performance of short-term (424 hour) aquifer pumping tests using driven well point observation 
0 
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wells (2 to 3 per site) will generate a more reliable estimate of hydraulic conductivity compared 

to single well tests. It is expected that these measurements will verify the high hydraulic 

conductivities normally assumed for modeling applications and groundwater velocity calculations, 

and constrain the range of values used for future pathway analyses. 

Water Budget Calculations 

Efforts are currently underway by EG&G Environmental Protection Management Department, 

Surface Water Branch, and EG&G Environmental Restoration Management Department to 

perform a site-wide water balance in support of a water rights evaluation. The east boundary of 
the study coincides with the section of the east property boundary located approximately between 

State Highway 128 and a low topographic divide which separates Woman Creek from the 

unnamed tributary containing the D-Series ponds. This boundary currently lacks sufficient well 

control for estimating the cross-sectional saturated thickness, especially in areas containing 

alluvial valley fill. The data collected under this activity, in combination with the aquifer 

pumping test results, will provide for a more reliable estimation of the total groundwater flux 

(discharge) at the plant downgradient boundary, and thus reduce the amount of uncertainty 

associated with the water balance calculations. 

0 

1.1.2 Stream Gain/Loss Monitoring 

The objectives of the stream gainfloss investigation are threefold as follows: 

e to support Woman Creek (OU 5 )  surface water flow modeling efforts; 

SEEPCHAR-WP May 1. 1995 
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0 to collect baseline flow data in Rock Creek to evaluate 
surfacdgroundwater interactions related to potential geologic and 
hydrologic controls; and 

0 to provide data related to identifying and assessing the presence and 
influence of evaporitic and imported water sources in the upper reaches of 
Woman and Rock Creeks using environmental isotopes, specifically 
oxygen- 18 and deuterium. 

Woman Creek Monitoring 

Stream gaidloss monitoring has been conducted previously in Woman Creek to gain an 

understanding of groundwater/surface water flow interactions for flow modeling purposes. This 

investigation also provided information useful for site-wide hydrogeologic characterization a 
activities. The results indicated the potential for providing additional groundwater data using a 

more detailed monitoring network designed specifically to assess groundwater inputs to Woman 

Creek, especially in the reaches of the stream above Pond C-2. The work outlined in this Work 

Plan will specifically evaluate the potential significance of geologic controls on groundwater 

discharge to surface water, such as the Laramie/Fox Hills subcrop located at the west boundary 

of the RFETS. Data will also be used to account for anomalous stream inputs located upstream 

of previous streamflow monitoring network studies. 

, , Rock Creek Monitoring 

Little data currently exists that characterizes the water resources of this area. Monitoring of 

stream flows along Rock Creek is planned to more adequately and quantitatively define the 

distribution, importance, and seasonality of groundwater baseflow on stream flows within the 

drainage as part of site-wide hydrogeologic characterization efforts. Together with the seep 

SEEPCHAILWP May 1. 1995 
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inventory, this activity will help establish baseline conditions in an undisturbed watershed that 

is potentially threatened by active and proposed mining operations, and the new RFETS landfill, 
and serve as a benchmark for understanding natural surface watedgroundwater interactions. 

Environmental IsotoDe SamDling 

Sampling for environmental isotopes, especially oxygen- 18 and deuterium, will be conducted to 

identify stream reaches which potentially receive a significant portion of water from evaporitic 

or imported sources. Data from Rock Creek will also be used to establish isotope background 

conditions for comparison to Woman and Walnut Creeks and associated tributaries. This 

technique has already been successfully used to establish hydraulic communication between 

Rocky Flats Lake and the Antelope Springs complex. It is hypothesized that a similar situation 

may exist in Rock Creek considering the presence of several large mine pit ponds to the west. 

Identification of evaporitic water in stream tributaries or seeps could locate areas potentially 

impacted by mining and could provide a basis for locating future habitat study sites. In areas 

where the component of evaporitic water is significant, it may be possible to estimate the amount 

of water contributed from the evaporitic source using mixing equations. Detection of leakage 

from the South Boulder Diversion Canal into Woman Creek will also be attempted using 
environmental isotopes as tracers based on measured differences in isotopic content between 

canal water and local groundwater (canal water has an oxygen-18 content that is 2 to 4 per mil 

lighter than groundwater). 

1.1.3 Seep Inventory and Monitoring 

Like the stream gainfloss investigation, there are three main objectives of the site-wide 

sprindseep inventories and monitoring activities. These include: 

SEEPCHARWP May 1. 1995 
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e preparation of a comprehensive seep map from field observations and 
published reports; 

e collection of basic flow and field water quality data and cataloguing seep 
occurrences by flow characteristics, seep type, probable geologic source, 
areal extent, and other relevant parameters determined from field 
observations, measurements and published reports; and 

e monitoring of selected springs on a biweekly to monthly basis to establish 
seasonal variations in flow and water quality in conjunction with aquatic 
biota monitoring, and provide flow data in support of the stream gainfloss 
project. 

Despite the existence of various historical and recent wetlands, vegetation and hydrologic maps, 

there is currently no comprehensive, field-verified map of RFETS which exclusively and 

accurately identifies and delineates seeps caused by natural groundwater discharges based on 

hydrologic criteria. Seep maps generated to date have been limited in areal extent (e.g., OU 2) 

or based on aerial photography with limited verifcation. An accurate seep map is not only 

relevant for understanding current-day groundwater occurrence, flow and direction, but together 

with wetlands mapping, provides a baseline for assessing the potential future impacts of industrial 

activities and water diversions on water resources within the Site boundary. 

SeeD Data Collection and Cataloguing 

8 
Except in certain cases (e.g., Antelope Springs) basic hydrologic information on spring and seep 

occurrences and characteristics at RFETS is generally lacking. This study will systematically 

collect flow and field water quality data on an estimated 200 seeps during high and low flow 
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conditions on a reconnaissance basis in support of site-wide hydrogeologic characterization 

efforts. Seep occurrences will be catalogued by flow characteristics (perennial, intermittent, 

channelized, diffuse, etc.), seep type, probable geologic source, areal extent, and other relevant 

parameters determined from field observations and published reports (e.g. Corps of Engineers 

(COE) Wetland Study). In addition, environmental isotope sampling (oxygen-18, deuterium and 

enriched tritium) will be performed at seeps occurring in the Industrial Area and upper reaches 
of Woman and Rock Creeks for identifying potential evaporitic or imported water sources as 
described above in Section 1.1.2. 

SeeD Monitoring 

Frequent monitoring of selected individual springs will be performed to better define seasonal 

spring flow and field water quality characteristics, and provide flow data for the stream gainfloss 

and aquatic biota monitoring programs. These sites are primarily located at groundwater 

discharge areas associated with potential contaminant sources, such as the new landfill and the 

east end of the 881 Hillside french drain, or significant surface flow discharges associated with 

major springs. 

1.2 Coordination with Other Programs and Investigations 

Information from various previous and existing programs and investigations were used to prevent 

duplication of activities, develop monitoring locations, select analytical parameters and establish 

seep inventory criteria. A summary of the programs and investigations reviewed is provided 

below: 

May 1, 1995 
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Previous In vesb 'eations 

Surface water sampling locations and results from the 1989 Site-Wide Surface Water and 

Sediment Geochemical Characterization Report (DOE, 199 1) were considered in 

developing the stream and seep sampling rationale. 

Results from environmental isotope analyses of groundwater and surface water samples 

presented in the 1995 Groundwater Geochemistry Report (DOE, 1994a) were used to 

support the analytical rationale. 

Stream flow locations and results from the 1993 Woman Creek Gain/Loss Study were 

used to develop stream monitoring locations along Woman Creek (Fedors and Warner, 

1993). 

Wetlands locations identified in the U. S. Army Corps of Engineers Wetlands Mapping 

and Resource Study (ACE, 1994) were used to plan site-wide seep inventory activities. 

Monitoring well locations posted as of December 1, 1994, on the 1995 Well Location 

Map (DOE, 1995b) were used to select well point locations for improved potentiometric 

control and water balance calculations. 

Existine Programs 

1) Sampling locations for surface water samples proposed for the OU 12 Technical 

Memorandum No. 1, Industrial Area Surface and Sediment Field Sampling Plan, 
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Addendum to Phase 1 RWRI Work Plan, January 1995, were considered in support of 

the seep sampling rationale. 

Review of surface water sampling locations for continued monitoring under 

decontamination and decommissioning currently being performed by EG&G Surface 

Water Division as part of the Industrial Area Interim Measure/Interim Remedial Action 

(IM/IRA) will be used to support seep inventory activities. 

Results of the 1993 Site-Wide Groundwater Modeling Activities Report and 1994 Well 

Evaluation Report were considered when locating additional well points for model 

calibration purposes. 

Aquifer pump testing locations selected by the 1995 Aquifer Testing Program provided 

the basis for approximately 25 well point locations. 

Results of chemical analyses from monitoring wells associated with the OU 2 east trench 

area and OU 6 B-Series ponds support the sampling locations and analytical rationale for 

seep well point locations in Walnut Creek. 

Routine seep monitoring locations were selected in consideration of stream gain/loss study 

objectives and in cooperation with the EG&G Environmental Protection Management 

Department (EPMD) Ecological Monitoring Program. 

Sampling locations for seep samples collected under the OU 2 RI/RFI were considered 

in support of the seep sampling rationale. 
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1.3 Environmental Restoration Program Division 

The DOE/Rocky Flats Field Office (DOE/RFFO) Environmental Restoration Program Division 
is designed and tasked with providing programmatic support to the ER Major Systems 

Acquisition Division (MSA). The MSA Division is charged with investigation and cleanup of 

RFETS and meeting Interagency Agreement (IAG) Milestones for its Operable Units. The IAG 
is an agreement between the Colorado Department of Public Health and the Environment 

(CDPHE), the United States Environmental Protection Agency (EPA), and DOE. The cleanup 

of environmentally contaminated sites at DOE facilities are being implemented in five phases 

(DOE, 1986a). Phase 1 (Installation Assessment) includes preliminary assessments and site 

inspections to assess potential environmental concerns. Phase 2 (Remedial Investigations) 

includes planning and implementation of sampling programs to delineate the magnitude and 

extent of contamination at specific sites and evaluate potential contaminant migration pathways. 

Phase 3 (Feasibility Studies) includes evaluation of remedial alternatives and development of 

remedial action plans to mitigate environmental problems identified in Phase 2 as needing 

correction. Phase 4 (Remedial Desigflemedial Action) includes design and implementation of 

site-specific remedial actions selected on the basis of Phase 3 feasibility studies. Phase 5 

(Compliance and Verification) includes monitoring and performance assessments of remedial 

actions as well as verification and documentation of the adequacy of remedial actions carried out 

under Phase 4. Phase 1 has been completed at the RFETS (DOE, 1986a). The Seepage 

Characterization study sites are located in the RFETS Buffer Zone. Some locations fall within 

OUs, primarily OUs 5 and 6 (Figure 1). The Remedial Investigations (RIs) for OUs 5 and 6 are 

nearing completion and the draft RFI/RI reports and Feasibility Studies (FSs) are in progress. 
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1.4 Work-Plan Scope 

Characterization activities covered by this Work Plan are being conducted to provide additional 

data to site-wide hydrogeologic characterization efforts. Data collected as a result of these 

studies will be provided to OU managers as supplemental information. However, these studies 

were not intended or designed to be a part of any specific RCWCERCLA OU RFI/RI process. 
Documents specific to individual OU RFI/RI investigations should be referred to when OU- 

specific RCWCERCLA information is needed. All work performed under this Work Plan will 

be in conformance with all applicable RFETS policies and OPs. 

1.5 Regional and Plant Site Background Information 

The RFETS, (formerly known as the Rocky Flats Plant (RFP)), is a government-owned, 

contractor-operated facility, which is part of the nationwide Nuclear Weapons Complex. The 

plant was operated for the U.S. Atomic Energy Commission (AEC) from its inception in 1951 

until the AEC was dissolved in January 1975. At that time, responsibility for the plant was 

assigned to the Energy Research and Development Administration (ERDA), which was succeeded 

by DOE in 1977. Dow Chemical U.S.A., an operating unit of the Dow Chemical Company, was 

the prime operating contractor of the RFP from 1951 until June 30,1975. Rockwell International 

was the prime contractor responsible for operating the RFP from July 1, 1975 until December 

31,1989. EG&G became the prime contractor at the RFP on January 1,1990. The official name 

of the RFT was changed to the RFETS in the summer of 1994 to more accurately describe the 

current mission of this facility. 
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Plant ODerationS 

Historical operations at the RFETS consisted of fabrication of nuclear-weapons components from 

plutonium, uranium, and other nonradioactive metals (principally beryllium and stainless steel). 

Parts made at the RFETS were shipped elsewhere for assembly. In addition, the RFETS 

reprocessed components removed from obsolete weapons for recovery of plutonium. Other 
activities at the RFETS included research and development in metallurgy, machining, 

nondestructive testing, coatings, remote engineering, chemistry, and physics. Both radioactive 

and nonradioactive wastes were generated in the production process. Current waste handling 

practices involve onsite and offsite recycling of hazardous materials, onsite storage of hazardous 
and mixed wastes, and offsite disposal of solid radioactive materials at another DOE facility. 

However, the RFETS operating procedures historically included both onsite storage and disposal 

of hazardous, radioactive, and radioactive mixed wastes. Preliminary assessments under the ER 

Program identified some of the past onsite storage and disposal locations as potential sources of 

environmental contamination. 

a 

Previous Investigations at the RFETS 

Various studies have been conducted at the RFETS to characterize environmental media and to 

assess the extent of radiological and chemical contaminant releases to the environment. The 

investigations performed prior to 1986 are summarized in the Geological and Hydrogeological 

Data Summary (DOE, 1986b). 

In 1986, two major investigations were completed at the RFETS. The first was the ER Program 

Phase I Installation Assessment (DOE, 1986a) which included analyses and identification of 
current operational activities, active and inactive waste sites, current and past waste management 
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practices, and potential environmental pathways through which contaminants could be 
transported. A number of sites were identified that could potentially have adverse impacts on 

the environment. These sites were designated Solid Waste Management Units (SWMUs) and 

were divided into three categories (DOE, 1987): 

1) Hazardous waste management units that will continue to operate and need a 
RCRA operating permit; 

2) Hazardous waste management units that will be closed under RCRA interim 
status; and 

3) Inactive waste management units that will be investigated and cleaned up under 
Section 3004(u) of RCRA or CERCLA. 

The IAG redefines the SWMUs within the second and third categories as Individual Hazardous 

Substances Sites (IHSSs). IHSS is used hereinafter; however, no RCRA or CERCLA regulatory 

distinction in the use of the terms "site" or "MSS" is intended in this document. Previous 

investigations specific to site-wide geological information are detailed in the Geologic 

Characterization Report (DOE, 1991a). 

Phvsical Setting 

Location 

The R E T S  is located in Sections 1 through 4, and 9 through 15, of Township 2 South, Range 

70 West of the 6th Principal Meridian, in northern Jefferson County, Colorado, approximately 

16 miles northwest of Denver. Nearby cities include Boulder, Westminster, and Arvada, which 

are located less than 10 miles to the northwest, east and southeast, respectively. The cities of 
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Golden and Lakewood are located approximately 15 miles directly south of the RFETS. The 

€GETS property consists of approximately 6,550 acres of federally-owned land, 400 acres of 
which is located within the RFETS security area where most major buildings are located. The 

security area is surrounded by a buffer zone of approximately 6,150 acres. The northern 

boundary of the property sits on the county line between Jefferson County and Boulder County. 

The property is bordered on the north by State Highway 128, on the east by Jefferson County 

Highway 17 (Indiana Street), on the south by agricultural and industrial properties and State 

Highway 72, and on the west by State Highway 93. Access to the property is via State Highway 

93 or Indiana Street. 

Topography 

The RFETS is located along the eastern edge of the southern Rocky Mountain region 

immediately east of the Colorado Front Range. The RFETS is at an average elevation of 
approximately 5,950 feet above mean sea level. The site is located on a broad, eastward-sloping 

alluvial surface. The surface of the alluvium is nearly flat but slopes gently eastward at 50 to 

100 feet per mile (DOE, 1991a). At the RFETS, the alluvial surface is dissected by a series of 
east-northeast trending stream-cut valleys. The valleys containing Rock Creek, North and South 

Walnut Creeks, and Woman Creek are cut 50 to 200 feet below the level of the older alluvial 

surface in the vicinity of the RFETS. 
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Meteorologv and Climate 

Climate 

The climate at the RFETS is strongly influenced by the Front Range of the Rocky Mountains. 

Dry, cool winters with some snow cover and warm, moderately-moist summers characterize the 

Rocky Flats climate. The temperatures average a maximum of 76°F and a minimum of 22"F, 

with an average annual mean temperature of 49.6"F. The temperature extremes recorded at the 

RFETS range from 102°F in July to -26°F in January (Schleicher and Schuell, 1982). Infrequent 

cloud cover over the region allows intense solar heating of the ground surface during the day, 

and the low absolute humidity allows significant radiation cooling at night. The average relative 

humidity was 46 percent for the period between 1954 and 1976 (DOE, 1989). 

0 

The regional topography and upper-level wind patterns over North America create a semi-arid 

climate along the foothills of the Front Range. Average annual precipitation is approximately 

15 inches (DOE, 1991b). The maximum annual precipitation, recorded in 1969, was 24.87 

inches. More than 80 percent of the precipitation at the RFETS occurs as rain between April and 

September, with the remainder of the precipitation occurring as snowfall in the winter months 

(DOE, 1989). Snowfall at the RFETS commonly occurs during the months of November through 

March, although occasional snowstorms occur in April, May, September, and October. 

Local Meteorology 

Local meteorology is influenced by local topography, mountain ranges, and large-scale weather 

systems. The orientation of the bordering mountain range, as well as the general orientation of 

the Front Range of the Rocky Mountains play an important role in determining the wind regime. 
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The RFETS is in the belt of prevailing northwesterly winds which are normally channeled across 

the geological bench called Rocky Flats. 

Local mountain and valley features exert a strong influence on the wind flow under other 

meteorological conditions. When winds above the gradient level are strong and from a direction 

slightly north of west, channeling in the eastern Rocky Flats bench usually continues to produce 

northwesterly winds over most of the RFETS. On clear or partly cloudy nights, the valley 

experiences rapid surface radiational cooling. This results in simultaneous cooling of the air near 

the surface which causes the air to become stable and less turbulent. However, air along the 

slopes of the Front Range cools at a faster rate than air at the Same elevation located over the 

valleys. Consequently, it becomes more dense and flows or sinks toward the valley forming a 

down-slope wind. When this wind reaches the valley, it still flows toward lower elevations and 

becomes a down-valley wind. 

a 

Meteorology of the R E T S  is strongly influenced by the diurnal cycle of mountain and valley 

breezes. The Front Range west of the RFETS, is broken by several canyons that run generally 

east-west. These canyons also serve to channel airflow, especially when there is strong 

atmospheric stability. Two dominant flow patterns exist, one during daytime conditions and one 

at night. During daytime hours as the earth heats, the mountains receive more direct sunlight 

than the plains and valleys, causing air to heat and rise. The result is a general trend for the 

airflow to travel toward the higher elevations (upslope condition). The general airflow pattern 

during upslope conditions for the Denver metropolitan area is typically north to south, with the 

airflow moving up the South Platte River Valley and entering the canyons into the Front Range. 
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After sunset, air against mountainsides cools and begins to flow toward the lower elevations 

(downslope conditions). The airflow pattern for the Denver area during downslope conditions 

is down the canyons of the Front Range onto the plains. This airflow converges with the South 

Platte River Valley airflow moving toward the north-northeast (DOE, 1992a). 

Strong convective activity and thunderstorms are common in the area during summer. This 

activity can produce severe anomalies on the normal airflow patterns because of strong inflow 
regions or outflow microbursts caused by the accompanying rain shafts. During late winter and 
spring, the meteorology can be influenced by chinook windstorms. The chinook phenomenon 

is characterized by strong winds moving from the west to the east over the continental divide. 

These winds often reach 70 to 80 miles per hour (mph) and have been recorded in excess of 120 

mph at the RFETS (Rockwell, 1989). The mean wind speed for 1990 was 9.0 mph with the 

highest wind speed reported at 88.6 mph (DOE, 1991~). 

Precipitation 

Precipitation in the RFETS area primarily occurs as snowfall or short-duration thunderstorms. 

These localized thunderstorms are generally one hour or less in duration, and their areal extent 

is usually limited to approximately one square mile. RFETS precipitation data are collected and 

recorded at the West Buffer Zone Meteorological Station. Over the long term, the average 

annual precipitation at the RFETS has averaged nearly 15.2 inches (DOE, 1991b). Although the 

RFETS-site-specific data are limited, annual evaporation at the RFETS site is estimated to be 

between 31 and 38 inches, based upon long-term records at Cherry Creek Dam and the City of 

Fort Collins, respectively (DOE, 1991b). The Cherry Creek Dam is located in the Denver 

metropolitan area approximately 25 miles southeast of the RFETS, and Fort Collins is located 
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approximately 45 miles north of the RFETS. These two sites are meteorologically similar and 

therefore the evaporation rates are considered representative of the RFETS evaporation rates. 

Surface Water Hvdrologv 

Three streams -- Rock Creek, Walnut Creek, and Woman Creek -- are the primary drainages for 

the RFETS area and flow generally from west to east. Figure 1 provides an overview of the 

surface-water features in the vicinity of the RFETS. Rock Creek drains an area of the RFETS 
buffer zone generally to the northwest of the RFETS Controlled Area, flowing into Coal Creek 

offsite to the north. The Rock Creek drainage is located in the north part of the RFETS. Coal 

Creek flows west and north of the RFETS and is joined by Rock Creek northeast of the RFETS. 

Coal Creek flows into Boulder Creek, then St. Vrain Creek, and eventually the South Platte 

River. Walnut Creek is formed by the combined flows from North Walnut Creek and South 

Walnut Creek, which drain the central and northern areas of the RFETS, respectively, along with 

an unnamed tributary, referred to as No Name Gulch, draining a northern part of the RFETS area 

(Figure 1). These three tributaries join in the buffer zone, and Walnut Creek flows towards the 

Great Western Reservoir to the east. However, Walnut Creek flows generally are diverted around 

Great Western Reservoir into Big Dry Creek through the Broomfield Diversion Ditch. Rock 

Creek, North Walnut Creek, South Walnut Creek, and No Name Gulch are all intermittent 

streams; that is, flows occur in these streams primarily as a result of spring-season snowmelt and 

after precipitation events. 

Woman Creek, also an intermittent stream, originates to the west of the RFETS, drains the 

southern RFETS area, and flows eastward (Figure 1). The South Interceptor Ditch (SID) is 

located between the RFETS Controlled Area and Woman Creek; collects runoff from the southern 

part of the RFETS and diverts this to Pond C-2. Waters from Pond C-2 are pumped, treated, and 
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discharged into Walnut Creek downstream of the eastern the RFETS boundary. Most of the 

remaining surface-water runoff in the Woman Creek drainage downslope of the South 

Interception Ditch drainage flows offsite to the east and in part into Mower Reservoir and 

primarily into Standley Lake. 

Eight ditches convey water throughout the general RFETS area: South Boulder Diversion Canal, 

Last Chance Ditch, Upper Church Ditch, McKay Ditch Bypass, Smart Ditch, Smart 2 Ditch, 

Mower Ditch and Kinnear Ditch. The Upper Church Ditch, McKay Ditch Bypass, Kinnear Ditch, 

and Last Chance Ditch all divert water from Coal Creek to the east; the Smart Ditch diverts 

water from Rocky Flats Lake to the east; and the Smart 2 Ditch diverts water from the Smart 

Ditch to a Woman Creek tributary. The Mower Ditch diverts water from Woman Creek into 

Mower Reservoir. The South Boulder Diversion Canal is located west of the RFETS and is 

unlined in the vicinity of the RFETS, except for a cement-lined 100-meter aqueduct that crosses 

the Woman Creek drainage. All other irrigation ditches within the RFETS referenced above are 

unlined and tend to lose water through seepage into the underlying subsurface materials. 

@ 

In addition to the ditches described above, other surface-water management controls also are in 

operation at the RETS. The West Interceptor Canal diverts runoff from the headwaters of North 

Walnut Creek via the McKay Ditch Bypass to Walnut Creek west of Indiana Street. In addition 

to ditches and canals, a series of detention ponds have been constructed to control the release of 

the RFETS discharges and to collect surface runoff. 
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The plant communities in the Buffer Zone appear to have a diversity of plant species, reflecting 

the wide range of habitats available at RFETS. Dominant species, based on herbaceous 
production data, vary considerably among the RFETS study sites (DOE, 1993a). 

The small mammal community is dominated by the deer mouse (Peromyscus maniculatus) in all 

habitats. A new species has also been captured, the olive-backed pocket mouse (Paragnathus 

fasciitis), as well as a single Preble's Meadow jumping m o w  (Zaps hudronius preblei), a 

Colorado Species of concern (DOE, 1993a). a 
At this time, no effects on Buffer Zone ecosystems due to RFETS activities have been 

documented. The preliminary picture of the RFETS is that of a healthy, diverse, protected area 

that supports a unique combination of fauna and flora in the Front Range region (DOE, 1993a). 

Smo unding Land Use and Pomlation Densitv 

The population, economics, and land use of areas surrounding the RFETS are described in a 1989 

Rocky Flats vicinity demographics report prepared by DOE (1991d). This report divides general 

use of areas within 0 to 10 miles of the R E T S  into residential, commercial, industrial, parks and 

open spaces, agricultural and vacant, and institutional classifications and considers current and 

future land use near the RFETS (DOE, 1992a; 1992b; 1993b). 

The majority of residential use within 5 miles (8 kilometers) of the RFETS is located northwest, 

west, southwest, and south of the RFETS. Commercial development is concentrated near the 

residential developments around Standley Lake, primarily north and southwest, and around the 
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Jefferson County Airport which is located approximately 3 miles (4.8 km) northeast of the 

RFETS. Active industrial land use within 5 miles (8 km) of the plant is limited to quarrying and 
mining operations located on lands directly west and southwest of the RFETS. There are several 

pockets of industrially-zoned property located around the RFETS, both directly adjacent and 

nearby. This property is not likely to be developed in the near future due to a lack of water for 

fire protection. These properties must be accepted into a frre protection district in order to be 
developed for commercial or industrial use and no fue protection district is willing to accept the 

properties at this time. Open space lands are located northeast of the RFETS, near the City of 

Broomfield, and in small parcels adjoining major drainages and small neighborhood parks in the 

cities of Westminster and Arvada. Standley Lake is surrounded by Standley Lake Park. Irrigated 
and nonirrigated croplands, producing primarily wheat and barley, are located northeast of the 

RFETS near the cities of Broomfield, Lafayette, and Louisville; north of the RFETS near 

Louisville and Boulder; and in scattered parcels adjacent to the eastern boundary of the FWETS. 

Several horse operations and small hay fields are located south of the RFETS. 

Future PoDulation and Land Use Proiections 

Future land use in the vicinity of the RFETS will probably involve continued suburban 

expansion, increasing the density of residential and commercial and industrial land use in the 

surrounding areas. The expected trend in population growth in the vicinity of the RFETS is 

addressed in the DOE demographics study (DOE, 1991d). 
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Regional Geologv and HvdroPeoloy 

The RFETS is located on gravelly alluvium that covers an eastward-sloping pediment surface. 

Bedrock is exposed locally along streams that have dissected the pediment. The groundwater is 

recharged by infiltration of rainfall, snowmelt, stream seepage, and irrigation water into the 

swficial materials and bedrock. Groundwater flow within the RFETS area generally is in the 

direction of the slope of the ground surface, primarily eastward. Discharge from the surficial 

materials is via springs and seeps along valley walls near the bedrock contact. Discharge from 

shallow bedrock is to the eastward flowing streams that dissect the alluvium covered pediment. 

Surficial Deposits 

The surfcial deposits covering the pediment surface in the immediate vicinity of the RFETS 
comprise the Rocky Flats Alluvium. This alluvium is Quaternary in age and was deposited as 
an alluvial fan with its apex at the mouth of Coal Creek Canyon transported as outwash located 

five miles to the west at higher elevations in the Front Range (Baker, 1973). It is composed of 

poorly- to moderately-sorted, poorly-stratified clay, silt, sand, gravel, and cobbles. The coarse 

clastic materials were derived primarily from Front Range provenance areas, which are composed 

of Precambrian crystalline metaquartzites, metabasalts, pelitic shists, and younger granitoids of 

the Boulder Creek and Silver Plume Granites. 

The Rocky Flats Alluvium is the surficial material beneath nearly all structures at the RFETS, 
where the alluvium thickness ranges up to 100 feet. The alluvium is absent where it has been 

removed by downcutting of the streams (Walnut Creek and Woman Creek) in the vicinity of the 

RFETS. The depositional surface declines approximately 300 feet from the western edge of the 
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RFETS peripheral buffer zone to the eastern edge of the buffer zone. This distance is 3.4 miles, 

and the slope is 88 feet per mile. 

Local colluvial deposits are present on steeper slopes flanking drainages at the RFETS. These 

deposits are derived from Rocky Flats Alluvium located upslope. Most bedrock is concealed 

beneath the colluvial material. The bottoms of the stream valleys contain Quaternary alluvium 

deposited by the streams. Minor linear wetlands are present on these alluvial materials (DOE, 
199 la). 

The dominant soil developed on the Rocky Flats Alluvium is the Flatiron Series. These soils are 

sandy loams with a large percentage of cobbles. They have a slow infiltration rate where slopes 

are 0 to 3 percent. Nederland Series soils are also present and consist of sandy loams with a 

large percentage of cobbles. They are preferentially developed adjacent to the Flatiron Series 

along the periphery of the Rocky Flats Alluvium where slopes are 15 to 50 percent and have a 

moderate infiltration rate. A third soil is the Denver-Kutch-Midway Series. These soils are clay 

loams developed on ArapahoeLaramie Formation claystones with slopes of 9 to 25 percent. The 

preceding information regarding soils at and adjacent to the RFETS is derived from Soil 

Conservation Service (SCS, 1980). Presently these natural soils are partly obscured by fill, 
gravel, and buildings at the RFETS. 

Bedrock Geology 

The upper Cretaceous Arapahoe/Laramie Formation unconformably underlies the surficial 

material at the RFETS. This formation was weathered and eroded during the formation of 

pediments and eventually covered by the Rocky Flats Alluvium. According to the Geologic 

Characterization Report for the RFETS (DOE, 1991a). the Arapahoe Formation is 150 feet thick 
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beneath the central portion of the RFETS. However, the position of the ArapahoeLaramie 

Formation contact is being evaluated. Results from a recent surface mapping project (DOE, 

1992c), suggest that the Arapahoe Formation is generally less than 50 feet thick. The lithologic 

composition is mainly claystone and silty claystone with sandstone bodies present Most of the 

sandstone is very fine to medium fine grained, poorly to moderately but occasionally well-sorted, 

subangular to subrounded, silty and clayey. Some coarse-grained to conglomeritic sandstone is 

present, The sandstone bodies are thought to be lenticular and laterally discontinuous. The 

Arapahoe Formation at the RFETS has been interpreted as channel, point bar, and overbank 

deposits of a fluvial system (DOE, 1991a). 

The Laramie Formation conformably underlies the Arapahoe (Weber, 1973), and it is 

approximately 800 feet thick at the RFETS. The formation is divided into two intervals: a lower 

unit of sandstone, siltstone, claystone with coal layers; and an upper claystone unit (DOE, 1991a). 

The sandstones are fine to coarse grained, poorly sorted, subangular and silty. The upper interval 

is about 500 feet thick at the RFETS, consisting of light to medium gray kaolinitic claystones 

with some dark grey to black carbonaceous claystones (DOE, 1991a). The Laramie Formation 

originated in a delta plain depositional environment. 

The regional structural setting of the RFETS is on the western flank of the Denver Basin, 

approximately four miles east of steeply-dipping strata on the west flank of the Front Range 

uplift. The most prominent feature is a monoclinal fold which strikes roughly north-south. The 

bedrock dips steeply eastward in the west portion of the RFETS, as shown by the 50 degree dip 

of the Fox Hills and Laramie Formations. The bedrock then flattens to a dip of no more than 

1 to 2 degrees. The western portion of the RFETS bedrock contains outcropping sedimentary 

strata which exhibits dips of up to 50 degrees in the Fox Hills and Laramie Formations. These 

formations then flatten to a dip of no more than 1 to 2 degrees beneath and east of the plant. 
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Hydrogeology 

The RFETS is situated in a regional groundwater recharge area. The groundwater system is 

dynamic with rapid changes in the level of the water table in response to short-term stresses to 

the groundwater system. Generally, water levels are highest in early summer (June) and lowest 

during the winter months. 

Hydrostratigraphic Units 

The following paragraphs briefly describe the hydrostratigraphic units in the vicinity of the 

RFETS. These units include the water table aquifer and confined aquifers. 

Water Table (Unconfined) Aquifer 

The water table (unconfined) aquifer at the RFETS is primarily the unconsolidated alluvial 

material. It includes the Rocky Flats Alluvium, which is present on broad topographic highs, 

colluvium along valley slopes, and the Valley Fill Alluvium present in modem stream drainages. 

In the western part of the RFETS, where the thickness of the alluvial material is greatest, the 

depth to the water table is 50 to 70 feet below the surface. Although the water table depth is 

variable, it becomes shallower from west to east as the alluvial material thins. In the stream 

drainages, seeps are common at the base of the Rocky Flats Alluvium (DOE, 1991a) and where 

individual Arapahoehmmie Formation sandstones crop out. 

Generally, the groundwater flows along the contact of the unconsolidated material and the 

ArapahoeLaramie Formation claystones in a downgradient direction to the east. The claystones 

have a low hydraulic conductivity, on the order of 1 x IO' centimeters per second ( c d s )  (DOE, 
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1991a; 1992d), effectively constraining much of the flow within the water table aquifer to the 

alluvial material above the alluvium/bedrock unconformity. Locally, however, a hydraulic 
connection exists between the uppermost ArapahoeLaramie Formation sandstone unit and the 

surficial materials allowing the bedrock groundwater to become part of the water table aquifer 

for a limited area. The lower sandstones of the ArapahoeLaramie Formation also subcrop 

beneath alluvium and colluvium along valley slopes, therefore also existing as part of the water 

table aquifer in limited areas. 

Confined Aquifers 

@ Groundwater in the sandstone units of the ArapahoeLaramie Formation occurs under confined 

conditions over most of the RFETS. The confining layers for the sandstones are claystones and 

silty claystones. 

The LaramieFox Hills aquifer crops out at the west end of the RFETS and dips at 45 to 50 

degrees to the east. Gradually the dip decreases to less than two degrees beneath the central part 

of the RFETS where the LaramieFox Hills is separated from the RFETS activities by several 

hundred feet of claystone (DOE, 1991a; 1991~). The claystone is an aquitard which separates 

the RFETS activities from the LaramieFox Hills aquifer. 

Recharge and Discharge 

At the present time, groundwater recharge is believed to occur as infiltration of precipitation to 

confined aquifers where bedrock crops out in the western portion of the RFETS along the west 

limb of the monoclinal fold and to the unconfined aquifer through unconsolidated material and 

subcropping permeable bedrock throughout the area. Recharge is also believed to occur as a @ 
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result of infiltration of surface water from streams, ditches, and ponds. At the local level, there 

are areas of discharge as well as recharge. Baseflow of the intermittent streams is sustained by 

groundwater discharge. Additionally, groundwater within the surficial materials and underlying 

permeable bedrock (ArapahoeLaramie sandstones) discharges at seeps along slopes in the valleys 

and becomes surface water or evaporates. 

Hydraulic Conductivities 

The ArapahoeLaramie Formation and the alluvial hydrostratigraphic units at the RFETS have 

relatively low hydraulic conductivities and therefore, are not generally believed to be capable of 
producing amounts of water of economic significance (DOE, 1991a; 1991~). 

Aquifer tests conducted in OU 2 in 1992 indicated hydraulic conductivities of 4.6 to 6.1 x 10" 

cm/s for ArapahoeLaramie Formation sandstones and 8.7 x 10" to 1.8 x c d s  for Rocky 

Flats Alluvium (DOE, 1992d). An aquifer test conducted near Woman Creek in OU 1 indicated 

a relatively high hydraulic conductivity of 1.8 x lo-* c d s  for the Valley Fill Alluvium. The 

Rocky Flats Alluvium of the uppermost hydrostratigraphic unit has a measured hydraulic 

conductivity of roughly 6 x lo5 c d s .  This value is comparable to the hydraulic conductivity 

of 8 x lo-' c d s  for the highly-weathered and unconsolidated subcropping Arapahoe sandstone 
which also forms a part of the uppermost hydrostratigraphic unit in some locations. Both of 

these values are much greater than the hydraulic conductivities of the Arapahoe/Laramie 

claystones which are approximately 1 x lo-' to 1 x lo8 c d s  for both weathered and unweathered 

claystone (DOE, 1991a; 1991~). 

In the subsurface, confined hydrostratigraphic units in the lower Arapahoehramie Formation 

have hydraulic conductivities of approximately 1 x lod c d s .  This value is intermediate to those 
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of the hydrostratigraphic units in the Rocky Flats Alluvium and weathered subcropping 

ArapahoeLaramie sandstones and the Arapahoe/Laramie claystones (DOE, 1991a; 199 IC). 

1.6 Work Locations and Site Descriptions 

Activities associated with the Seepage Characterization include stream-flow gainfloss monitoring, 

inventories and monitoring of spring and seep locations, and well-point installation, development 

and sampling. 

Monthly measurements of stream-flow discharges at selected locations within the RFETS 

property boundaries in the east Buffer Zone will be performed. These locations will be primarily 

in the drainages of Woman and Rock Creeks (Figure 3). Twenty-eight stream gainfloss 

measurement sites have been established on Woman Creek between the RFETS West Boundary 

and Indiana Street. New gainfloss measurement points will be established in Woman Creek and 

Rock Creek between the RFETS boundary and State Highway 128. 

Two comprehensive site-wide spring and seep inventories will be conducted throughout the buffer 

zone (Figure 1). Regular monitoring at selected seeps and springs identified in the inventories 

will also be performed. The purpose of the site-wide inventories is to determine the relative flow 

and general water-quality and isotope chmcteristics of individual springs and seepage areas at 

the RFETS. 
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Well points will be installed, developed, and sampled in the lower reaches of Woman Creek and 

Walnut Creek, as well as along No Name Gulch, to provide water-level and water-quality data 

at stream bottom and seep locations. Parts of these drainages are located within the boundaries 

of OU 5 (Woman Creek Drainage) and OU 6 (Walnut Creek Drainage). No Name Gulch is 

located in the east Buffer Zone to the north of the OU 6 boundary (Figure 2a). 

Some spring and well locations at RFETS are located in areas of potential or known soil and/or 
groundwater contamination. In addition, seepage areas are potentially sensitive habitats that may 

require special precautions to minimize surface damage during intrusive field investigations. 

1.7 Project Staffing and Responsibilities 

Study-Team personnel include personnel afffiated with the primary subcontractor and its 

subcontractors. Key positions and responsibilities are described below: 

The Project Manager/Senior Hydrogeologist provides project management in the form of project 
budgeting, planning, scheduling and general management. Additional responsibilities include: 

0 serving as the primary liaison between the Contract Technical Representative 
(CTR), the Subcontract Administrator (SA), and the primary subcontractor; 

maintaining all project records and providing the SA and CTR with project-status 
reports; 

coordinating all field and office tasks from the mobilization phase through final 
reporting; and 

supporting field activities in the role of field hydrogeologist. 

May 1. 1995 SEEPCHARWP 



ENVIRONMENTAL RESTORATION PROGRAM 
Seepage Characterization Manual: 
Work Plan Section: 

Page: 

RF'/ER-94- 00050 
1.0, Final, Rev. 0 

31 of 120 

The Field Supervisor/Geophysicist serves as the Field Supervisor for field activities associated 
with the Seepage Characterization. Also serves as a field geologist for the installation of well 
points. 

The Site-Safety Ojjicer (SSO) implements the Site-Specific Health and Safety Plan (SSHSP) and 
verifies compliance with all applicable health and safety requirements. Additional duties include: 

ensuring that updated copies of the SSHSP, the SSHSP addendum, Environmental 
Management Radiological Guidelines (EMRGs), and all documents referenced by 
the EMRGs are available to employees; 

supervising the Health and Safety Specialists (HSSs) in the performance of their 
responsibilities and ensuring that HSSs and other employees are advised of the 
radiological hazards, both expected and suspected, by posting and controlling areas 
according to EMRG instructions; 

performing audits and surveillances of field activities; 

ensuring that Health and Safety Practices (HSP) 18.19, "Criteria and Actions for 
Potential Intakes," is adhered to for the duration of the project; 

verification that performance testing of EG&G-owned instruments has been 
conducted in accordance with the manufacturer's recommendations and ensuring 
that the test results are recorded daily in a calibration log specific to each 
instrument; 

0 reviewing and approving completed survey reports and forms and ensuring that 
approved surveys and forms are forwarded to the Environmental Management 
Radiological Engineer (EMRE); maintaining a fde of all completed Radiological 
Survey Forms; ensuring that the EMRE is immediately contacted when survey 
results indicate radiation levels that exceed five milliremhour; and 

ensuring that an Instrument Field Log Book is maintained which documents the 
specific equipment used at the work site. 
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The Senior Quality Assurance (QA) Oflcer provides QA oversight to a l l  aspects of the project. 

The Subtask Manager/Senior Engineer serves as subtask manager for the Stream GainLoss 
Monitoring and Reporting and the Site-Wide Spring/Seep Inventory, Data Analysis and Reporting 
subtasks in support of the Seepage Characterization. 

The DatdSumple Manager serves as the Data and Sample Manager for the project. In addition, 
this position will also provide general field support associated with the collection of data. 

The primary subcontractor will use secondary subcontract support services for activities requiring 

special equipment and/or services. These activities are: 

0 Drilling related to well point installation, 

Well point borehole surveying, and 0 

a 
0 Health-and-Safety Specialist support. 
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2.0 SITE CHARACTERIZATION 

2.1 Site Characteristics 

The following paragraphs are very brief summaries of the OU 5 and 6 sites. Documents specific 

to the individual OU investigations should be referred to when more detailed information is 

needed. 

2.1.1 ou 5 

Eleven sites, geographically located along or within the drainage areas of Woman Creek have 

been designated as OU 5 (DOE, 1994b). These MSSs include the Original Landfill (MSS 115); 

the Ash Pits, Incinerator, and Concrete Wash Pad (MSSs 133.1 through 133.6); Detention Ponds 

C-1 and C-2 (JHSSs 142.10 and 142.1 1); and a Surface Disturbance (IHSS 209). Ponds C-1 and 

C-2 are the only MSSs located on Woman Creek. The remaining MSSs are located along the 

banks and/or upland areas that drain into Woman Creek or into the SID. In addition to these 

MSSs, two additional surface disturbances are being evaluated in the Phase I OU 5 RFI/RI, a 

Surface Disturbance West of IHSS 209 and a Surface Disturbance South of the Ash Pits (DOE, 
1994b). 

IHSS DescriDtions and Histories 

The following paragraphs summarize the locations and physical features of each of the OU 5 

MSSs. These discussions are based on the information provided in the OU 5 Work Plan (DOE, 

1992b) and Technical Memorandum (TM) No. 15 (TM15) (DOE, 1994b). TM15 contains 

additional information that was obtained during the course of the investigation of the MSSs as 
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set forth in the OU 5 Work Plan. This investigation provided clarification regarding the location, 

description, and history of the MSSs. These references contain details of the information and 

data summarized in the following sections on OU 5. 

IHSS 115 (OriPinal Landfill) and IHSS 196 (Filter Backwash Pond) 

The Original Landfill is located within the buffer zone just south of the RFETS industrialized 

area and south of the west access road. It is located north of Woman Creek on a moderately to 

steeply sloping south-facing hillside. The Original Landfill was in operation from 1952 to 1968 

and was used to dispose of general wastes generated at RFETS. 

MSS 133 (Ash Pits, Incinerator. and Concrete Wash Pad) 

The Incinerator, Ash Pits, and Concrete Wash Pad are located south-southwest of the 

industrialized area of RFETS, south of the west access road and north of Woman Creek. The 

locations of these MSSs are defined from historic aerial photographs. The Incinerator, which 

had a 10- to 20-foot stack, was located along RFETS's original west boundary, off the west 

access road. The Ash Pits are located to the east, and Concrete Wash Pad is located southwest 

of the Incinerator. Ash Pits 1,2, 3, and 4 @ISSs 133.1, 133.2, 133.3, 133.4) are approximately 

8 feet wide by 150 feet long and 3 feet deep. However, these Ash Pits may be larger as the 

exact boundaries and dimensions of each unit are somewhat undefined. The four Ash Pits are 

located on a relatively flat surface and are currently covered by tall grasses. 

The Incinerator was used to burn general RFETS wastes between the 1950s and 1968. Depleted 

uranium also is believed to have been burned in the Incinerator. A review of aerial photographs 

SEEPCHARWP May 1, 1995 



ENVIRONMENTAL RESTORATION PROGRAM 

Work Plan Section: 
0 Seepage Characterization MalNld: 

Page: 

RJ?/ER-94-00050 
2.0, Final, Rev. 0 

35 of 120 

revealed that by 1971, the Incinerator had been removed and the entire area had begun to 

revegetate. 

The history of the Concrete Wash Pad has not been as well documented as the Ash Pits or 

Incinerator area. It appears that this area was used to dispose of waste concrete from the 

concrete trucks involved in the construction activities of RFETS. It is also likely that the 

concrete trucks were washed down in this area after delivering concrete. 

The history of the Ash Pits, Incinerator, and Concrete Wash Pad is not entirely known because 

few records were kept of their operations. It is known that general combustible wastes from 

RFETS were burned in the Incinerator, along with an estimated 100 grams of depleted uranium. 
The ashes from the Incinerator were disposed in the Ash Pits. At .the Concrete Wash Pad, 

potentially contaminated materials consist of concrete debris and occasional ashes from the 

Incinerator that were reported to have been pushed over the side of the hill onto the Concrete 

Wash Pad area. 

IHSS 142.10 and 142.11 (C-Series Ponds) 

Pond C-1 (IHSS 142.10) and Bond C-2 (HISS 142.1 1) are located along Woman Creek, southeast 

of the industrialized area of RFETS and within the Buffer Zone. These ponds are approximately 

2,000 feet apart, with Pond C-1 to the west of Pond C-2. The estimated capacities for Pond C-1 

and Pond C-2 are approximately 750,000 gallons and 2,480,000 gallons, respectively. 

The natural drainage of Woman Creek has been somewhat modified in the OU 5 area by the 

construction of Pond C-1 and Pond C-2 and the SID south of RFETS. Currently, Woman Creek 

flows eastward through OU 5 in its natural stream channel to Pond C-1. Filter backwash water 
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from the water treatment facility was discharged in Pond C-1 during the time period between 

RFETS start-up in 1952 and December 21, 1973. In addition, cooling-tower blowdown water 

was discharged to Pond C-1 until the latter part of 1974. In the early 1970s, RFETS operations 

were changed and Pond C-1 was used principally to manage the surface water runoff in the 

Woman Creek drainage. Water is seldom retained within this pond as the outlet or gate is 

usually open and the water is allowed to flow through the pond. The water consequently flows 

in its natural channel until just west of Pond C-2 where it is diverted around Pond C-2 by a 

diversion canal. During low flows, all of the water is diverted from Woman Creek's main 

channel at a location downgradient and to the east of Pond C-2, into an unnamed ditch that flows 

into Mower Reservoir. During high flows, some flow continues to flow downstream in Woman 

Creek and into Standley Lake. 

In 1980, the SID was constructed upslope (to the north) of Woman Creek to intercept surface 

runoff from RFETS. A berm was constructed on the downslope side of the SID to contain the 

water flowing in this ditch. Since construction of the SID in 1980, Woman Creek has not 

received runoff directly from the southern part of RFETS. Surface-water flow in the SID is 

intermittent and usually occurs only following precipitation events or snow melt. When flow is 

low, water tends to pond in several areas of the ditch. The SID begins approximately 200 feet 

east of the Ash Pits and runs for almost two miles to Pond C-2. It is approximately 4 to 8 feet 

in depth below and to the west of MSS 155, with greater depths to the east, toward Pond C-2. 

It is not lined. Just upslope of Pond C-2, the water flowing in the SID is piped across Woman 

Creek into Pond C-2. In Pond C-2, the water is sampled, analyzed, and discharged into a canal 

that diverts water around Great Western Reservoir, according to a National Pollutant Discharge 

Elimination System (NPDES) agreement (Permit No. CO-000 1333). 
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IHSS 209 and Other Surface Disturbances 

Three separate surface disturbances are described in this section: MSS 209, the Surface 
Disturbance West of MSS 209, and the Surface Disturbance South of the Ash Pits. IHSS 209 
is located to the southeast of the RFETS industrialized area, south of Woman Creek and 
approximately 1,000 feet southeast of Pond C-1 (IHSS 142.10). This area was included as an 

IHSS because unknown activities took place in this area of shallow excavations and surface 

disturbances. IHSS 209 covers approximately 225,000 fee? (5.2 acres) and is located on a long 

narrow plateau bounded to the north, east and south by a slope leading into the Woman Creek 

drainage. 

A second surface disturbance, the Surface Disturbance West of IHSS 209, located approximately 

1,500 feet west of IHSS 209 is also included in the OU 5 investigation. The area consists of 

several small disturbed areas in a somewhat symmetric arrangement. This disturbance covers an 
area of approximately 62,500 fee? (approximately 1.4 acres). 

A third surface disturbance area, the Surface Disturbance South of the Ash Pits, is also being 

investigated under the OU 5 RFI/FU. This area is located 1,200 feet south of IHSS 133 and south 

of Woman Creek. This area consists of several former excavation areas. These surface 

disturbances were identified in aerial photographs taken between 1955 and 1988. 

It is not known what activity or activities may have taken place at IHSS 209 or at the other 

surface disturbances. However, the time period in which these areas were disturbed has been 

estimated from aerial photographs. 
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2.1.2 OU 6 

Twenty MSSs geographically located along or within the drainage areas of North and South 

Walnut Creeks were designated as OU 6 in the IAG (DOE, 1992a). Ten of these MSSs are 

detention ponds and include the A-Series and B-Series ponds. The A-Series ponds, located on 
North Walnut Creek, are Ponds A-1, A-2, A-3, and A-4 (MSSs 142.1 through 142.4), and the 

pond identifed as Pond A-5, which is referred to as the pond east of the confluence of North and 

South Walnut Creeks and/or as IHSS 142.12. The B-Series ponds, located on South Walnut 

Creek, are Ponds B-1, B-2, B-3, B-4, and B-5 (MSSs 142.5 through 142.9). The remaining ten 

MSSs in OU 6 are located on the banks and/or plateau areas which ultimately drain into North 

or South Walnut Creeks or No Name Gulch. Four of these MSSs are spray fields and are the 

North, Pond, South, and East Area Spray Fields (IHSSs 167.1, 167.2, 167.3, and 216.1). Three 

are Trenches A, B, and C (IHSSs 166.1, 166.2, and 166.3). The remaining three MSSs are the 

Sludge Dispersal Area (IHSS 141), the Triangle Area (IHSS 165), and the Old Outfall (MSS 

143). In addition to these twenty IHSSs, MSS 156.2, the Soil Dump Area also has been added 

to the Phase I OU 6 investigation, because of its location along the Walnut Creek drainage (DOE, 

1992a). 

2.2 Nature of Contamination and Previous 
Investigations 

The following paragraphs are very brief summaries of the site contamination and previous 

investigations of OUs 5 and 6. Documents specific to the individual OU investigations should 

be referred to when more detailed information is desired. 

I SEEPCHARWP May 1. 1995 



ENVIRONMENTAL RESTORATION PROGRAM 
Seepage Characterization Manual: 
Work Plan Section: 

Page: 

RF/ER-94-00050 
2.0, Final, Rev. 0 

39 of 120 

2.2.1 ou 5 

No previous investigations specific to OU 5 are documented in the Phase I RFYRI Work Plan 

for OU 5 (DOE, 1992b). IHSS boundaries were modified as a result of findings of the Historical 

Release Report (HRR) (DOE, 1992) and the aerial photograph investigation associated with the 

Phase I RFI/RI for OU 5. TM15 presents preliminary Phase I RFI/RI fmdings (DOE, 1994b). 

The Hydrologic Data Summary for OU 5,  which will be included in the Phase I RFvRI report 

has been completed (DOE, 1994d). The Draft Phase I RFVRI Report for OU 5 is currently being 

written. 

2.2.2 OU 6 

Only a few previous limited investigations at OU 6 are mentioned in the Phase I RFI/RI Work 

Plan for OU 6 (DOE, 1992a). These investigations include sediment sampling in the A- and B- 

Series ponds, ongoing surface water, groundwater, and sediment sampling programs along Walnut 

Creek, and the plant-wide Ambient Air Monitoring Program. The Draft Phase I RFI/RI Report 

for OU 6 is currently being written. 
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3.0 FIELD PROCEDURES 

3.1 Shallow Well-Point Design, Installation, Development, and Sampling 

Up to 70 shallow, small-diameter well points will be installed, developed, and sampled at spring 

and seep locations shown on Figures 2a and 2b. Well Points T4, T5, and T6, and Pumping Well 

PWll4389 are off this map. They are located near the northwest comer of the Industrial Area, 

on Woman Creek. The specific function and rational of each of these well points is presented 

on Table 1, below. 

Well-point construction will depend on intended use. Generally, the well point will be driven 

approximately one foot into bedrock. However, if no geologic controls exist in the area to 

indicate depth to bedrock, well points will be driven until refusal is reached. Well points 

associated with aquifer testing activities will be designed such that the screened interval will be 

the same as that of the well being tested. The well points will be installed using a hydraulically- 

powered hammer apparatus mounted on a small-footprint, all-terrain vehicle in order to minimize 

surface disturbances and eliminate investigation-derived soil waste material at the well-point sites. 

@ 

To install a well point, a threaded expendable point is advanced by hydraulically pushing or 

hammering it to the desired depth. Hand-perforated tubing is then inserted through the drive rods 

and connected to the point with a threaded stud attached to the end of the tubing. The length of 

the perforated tubing depends on the magnitude of the anticipated water level fluctuations. The 

probe rods are then hydraulically withdrawn from the hole. Filter pack material consisting of 

10/20 silica sand is then poured directly into the 1-inch diameter annulus to approximately 6 

inches above the top of the perforated section while enough tension is applied to the tubing to 
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TABLE 1 
WELL-POINT LOCATION FUNCTION 

~ 

LocatiodRational 

6 

- 
6 

- 
6 

- 
6 

OW Sampling. Water 
Level Measlnrmcnt to MSS 142.5 

GWSampling.Water SeepabovePondB1;detumincc . ' tamhibutionr 
Level Mepsuranent to MSS 1425. 

GW Sampling. Water 
Level Messramrent to MSS 142.5. 

Seep above Pond B1; detamine coatadoant conbibutiom 

Seep above Pond El; detemine cwtnmitlpnt contributions 

GW Sampling Walnut CRek alhrvium below seep; detmniw contprrmran . I  

extent IEar seep. 

Wshrut creek alluvium below seep: Qtamine coamdnml 
extmt -seep. I 

GW Sampling. Wster 
LevelMePslmment I -  c to MSS 1429. 

Seep above South Walnut Cmek detnmine mnmuhmt 

GW Sampling. Water 
Level Measumnent 

GW Sampling. W s t s  
Level hfemmnent 

GW -ling 

GW Sampling 

obsantion well for 
pumping well 10894. 

SeepabovePondB4:detumincc . ' tcoatrikuhm 
to MSS 142.9. 

Seep above Pond BS; detemine contaminnnt coabibutioas 
to MSS 142.9. 

WWCrrckcllhrv1umbeloWsesp:b' . camnhmt 
utplrtnfmrseep. 

seep below Pond c1; detrrmiDe- . . .  con- 
toWolltpncrsek 

W W  CmL alluvium below tribugy confluemax; 
detamine hydraulic catdwtm ' ity pa OP GW.08. 

0- well for 
pumping well 10894. 

Walnut creek alluvium below tribugy coatbreas: 
detamhre hydraulic condwtm ' ity pa OP GW.08. 

N- I 
~~ 

W W  creek mhvium below tributny confhrenrs; 
determine hydraulic condwtw ' ity p a  OP GW.08. 

N e  Walnut creek alluvium above industrial arep; 
detamhre hydraulic catdwtm ' ity' pa OP GW.08. 
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TABLE 1 
WELL-POINT LOCATION FUNCTION, Continued. 

Slte- 
Wdl Seep A q d e r  Wlde 

ID. gSaon Rog. Flow BPlPwe 
 arcs st- ~ a t l n g  GW Water ou P U ~ O S ~  LocatiordRational 

Model 

Dciamk hydraulic conduaivity per OP GW.08 I pumping well II I I I I l A m l  P114389 

X 6 ObsavptMa well f a  North Walnut crsek W i u m  below Pond A-3: 
pumping well 10694 Dciamk hydRulic caniwtiviiy per OP GW.08 

~~ ~ 

observntioa well for 
pumping well 10694 

Ob- well f a  
pump'mg well 10694 

pumping well 12094 
ObKNDtiOo well for 

~ ~ ~ 

North Watnut Creek Pllwium below Pond A-3: 
Detamhw hydnulic conduaiviiy pa OP GW.08 

North Wphurt crsek alluvium below Pond A-3: 
Ddamine hydraulic conductivity per OP GW.08 

No Nsme Gukb dhrvhrm; DetmMle ' hydraulic 
conQctivity per OP GW.08 

T11 X 7 ObsavDtion well for No Nsme Gukh Wium;  Determine hydraulic 
pumping well 12094 collductivity per OP GW.08 

T12 X 7 Obsavuioa well for No Name Gukb Wi: DetcmuDe ' hydraulic 
pumping well 12094 collductivity per OP GW.08 

T13 X Nom obavsllon . well for walnut crr+L alluvium at bolmdpy: Detamine 
Prmpine well 41691 hydrauk wa&3hly - pa OP GW.08 

Nme obavsllon . well f a  walnut CICa Pllwium at ast t l owky :  Ddnmine 
pumpiq well 41691 hydraulic cmducclvity p OP GW.08 

Nme Obsavrtiollwellfa Watnutcrr+Lalluviumatastbocadny;Ddeimine 
pump@ well 41691 hydnuk ccoductkiy pa OP GW.W 

~ ~ ~~ ~ 

6 0- well for 
pumping well 41091 

Obrsrptioa well f a  
pumpins well 41091 

Obsavatioo well f a  
pumpins well 41091 

North Watnut crsek W i u m  below Pold A-4, 
Detamioc hydraulic codwlivity per OP GW.08 

North Walnld creek alluvium M o w  Pond A 4  
Detamhw hydraulic conduaivity per OP GW.08 

North Walnut Crrat W i u m  below Pond A-4; 
Decamiae hysurlic cooduclivity pa OP GW.08 

6 

6 

Obdavatioa well for 
pumping well 3886 

Soutb Wphlld Crrat alluvium below Pond BS; 
Ddamine hydwlic caoductivity per OP GW.08 I T l 9  I I I I I I I 

IP I l x I  ObsavatioD well f a  alluvium below PondBS; 
conductivily pa OP GW.08 pumpine well 3886 

Im-r [ X I  
~ 

conductivity per OP GW.08 
alhrvium above A-!hies ponds; Obsavath well for 

pumping well 1586 
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TABLE 1 
WELL-POINT LOCATION FUNCTION, Continued. 

Observation well fa 
pumping well 10394 

WomanCreek abvillm atcastbolmdpy; 
DetermiDo hyQaulic coaductivity p a  OP W.08 

_ _ _ _ ~  ~ ~ 

Obsavplioo well fa 
pumping well 10394 

Woman Creek W i  at cast bormday; 
Ddmniac hydrauk conduftivity pa OP OW.08 

potentiom& s m  w- cree~ wi ;  ~mprove c ~ v a ~ g e  r a  gw flow 
Control model 

potcntbmetric Sllrface 
coatrol modd 

P&n&mIe&ic surfpce 
coatrol model 

~otentiometric S m  
control model 

Woman creclr aUuvhum Improve maage fa gw Bow 

wompll creclr wi; Impmve covaage fa gw flow 

Woman creek cobvium; boprove coverage for gw flow 

Potentiom& surface 
w5 I I I 1 I N - l  CmtFOl 

woman creek colhrvi;  Impove coverage fa gw flow 
model 

X 

East boundmy trhdary; Impove covaage fa gw tlow 
model 

Walnut crsalr cdhvi\ol: I m p v e  coverage fa gw flow 
model 

Walnut crrek colhrvillm: I m p v e  covaage fa gw flow 
model 

wlhna cmlr PlBNi tribrapy; Iqrove covaage fa gw 
flow modd 

wplaut M rlhn1.l tributlry: Improve covaage for gw 
flow model 
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TABLE 1 
WELL-POINT LOCATION FUNCTION, Continued. 

SEEPCHARWP May 1.1995 



ENVIRONMENTAL RESTORATION PROGRAM 
Seepage Characterization Manual: 
Work Plan Section: 

Page: 
I 

ou Purpose 

RF/E R-94-OOO50 
3.0, Final, Rev. 0 

45 of 120 

Locationhhtional 

TABLE 1 
WELL-POINT LOCATION FUNCTION, Continued. 

None 

+ gatlon 

Determioe saturated East bomdary; J3timnte aquifer extent 

AquiIer 
Testing 
Prog. 

Model 

I x  
keep it straight and vertical. Because of the difficulty in measuring the top of the sand pack in 

such a small annulus, it may be necessary to add sand to within a foot of ground surface. That 

is, the point at which the sand is visible from the surface. The remaining annulus is then 

backfiied with granular bentonite to a thickness of at least 6 inches to create a seal above the 

filter pack. 

Each well point will be constructed of inert materials in a manner that is consistent with OP 

GT.06 (DOE, 19920. Specifically, well points will be constructed with stainless steel tips 

(including threaded connector) and Teflon tubing. Tubing will be approximately 3/8-inch outside 

diameter except for those well points associated with aquifer testing activities and those requiring 

larger diameter tubing for sampling because of potentially slow recharge. These well points will 

require 3/4-inch outside diameter tubing to allow the placement of pressure transducers and larger 

casing volumes, respectively. The bottom five feet of tubing will be perforated by hand with 

1/16-inch diameter holes. 
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The well points will be completed at the surface with a 10-inch minimum diameter concrete pad 

that is at least 3 inches thick. The concrete pad will be anchored to the soil by two 18-inch 

pieces of #3 reinforcing bar (rebar) driven approximately 15 inches into the soil. The top of the 

tubing will be enclosed within a 6-inch long piece of 1-inch diameter poly-vinyl chloride (PVC) 

protective casing with a threaded cap. Either screws or holes will be required to keep the 

protective casing secure in the concrete. The PVC casing will extend 3 inches above the concrete 

and be vertical. The well-point number will be inscribed in the concrete. A 4-fOOt long steel 

fence post will be driven 18 inches into the soil approximately 2 feet from the well point. A 

well-point designation marker will be mounted to the fence post. Abandoned well-point borings 

will be sealed with bentonite prior to departure from the site. 

Well points will be surveyed to 0.01-foot vertical accuracy using the top of the protective casing 

as the reference point because of the flexibility of the well-point tubing. All locations will be 

cleared and free of subsurface utilities. 

Core samples will be collected only from the 12 well points located along the eastern boundary 

of the buffer zone. These well points are designated as W6, W17, and W25 through W34 (see 
Table 1 and Figures 2a and 2b). The core samples will be collected at the suspected bedrock 

contact to c o n f i i  top-of-bedrock. 

Each well point will be developed using a peristaltic pump to remove water ftom the completed 

well point in accordance with OP GW.02 (DOE, 19920. A well-point development procedure 

to accommodate the smaller casing volumes will be written and submitted for approval should 

a modified procedure be necessary. Upon review and approval of this procedure, the RFETS 

technical representative will prepare a Document Modification Request (DMR) for OP GW.02 

based on the procedure. It is anticipated that up to three attempts will be made to develop the 
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well points. If the development criteria in OP GW.02 cannot be achieved, well development will 

be considered complete after the third attempt and the well point will be sampled. Water will 

not be introduced into the well point to facilitate development. 

Water levels in the 3/4-inch diameter well points will be measured in accordance with OP GW.01 

(DOE, 19920 with an electronic water level sounder. Water levels in the smaller-diameter well 

points will be measured with a manometer because an electronic water level sounder will not fit 

into the 3/16-inch inside diameter of the well point. To measure water levels with a manometer, 
a length of Teflon tubing is attached to the manometer and inserted into the well-point tubing 

while watching the manometer. As soon as a change in reading is observed, a point is marked 

on the inserted tube. The tubing is then withdrawn and the length from the downhole end of the 

tubing to the marked point is measured. A total of three measurements will be taken by this 

method by two different individuals with one team member taking the first and third readings and 

the other team member taking the second reading. As stipulated in GW.l for electric water level 

sounders, if the three measurements do not agree within 0.05 foot, additional measurements will 

be taken until three consecutive readings are shown to agree within 0.05 foot. An average of the 

reproducible readings will be utilized for the determination of the water level. 

Water samples will be collected in accordance with OP GW.6, Groundwater Sampling (DOE, 

19920. A peristaltic pump will be used to collect samples with the exception of those to be 

tested for volatile organics (VOCs). VOC samples will be collected as described in OP GT.6 but 

with a modified bailing method. This method involves inserting a length of Teflon tubing into 

the well-point tubing to the bottom of the well point. The sample team member seals the end 

of the tubing with a gloved finger and withdraws the tubing containing the groundwater sample. 

The other end of the tubing is placed near the mouth of the VOC vial. When the sampler 

removes the finger sealing the tubing, the sample empties into the vial. 
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3.2 Stream Gain/Loss Monitoring 

This subtask will involve monthly measurements of stream-flow discharges through August 1995 

at selected locations within the RFETS property boundaries in Woman and Rock Creeks (Figure 

3). The specific function and rational of each of these monitoring locations is presented on Table 

2 below. Twenty-eight measurement sites were established on Woman Creek for the Woman 

Creek Gain/Loss Study between the RFETS West Boundary and Indiana Street (Fedors and 

Warner, 1993) as shown on Figure 3. These 28 Woman Creek locations have been monitored 

approximately monthly from October 1991 to March 1994. Measurements of discharge in 

Woman Creek at most of the 28 existing sites will be resumed as part of this Seepage 

Characterization. In addition, 15 new monitoring locations will be added to the network in 

Woman Creek. These measurement points were added to increase resolution and to aid in the 

determination of evaporitic water contributions from Rocky Flats Lake. 

a 

A new network of 39 gainfloss measurement points will be established in Rock Creek between 

approximately the west RFETS boundary and State Highway 128 (Figure 3). Locations of 

measurement points have been selected for this new network so that meaningful gainlloss 

estimates may be made. After establishment of the measurement networks, monthly discharge 

measurements will be taken. Details on the measurement technique, based upon those used in 

Woman Creek, are presented below. 
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TABLE 2 
STREAWSPRING-FLOW GAUGING LOCATION FUNCTION 

Stream Flow Measurement; 
Isotope sampling Woman Creek 

Stream Flow Measurement; 
Woman Creek Isotope sampling 

Stream Flow Measurement: 
Woman Creek Isotope sampling 

Stream Flow Measurement; 
WomanCreek Isotopesampling 

Stream Flow Measurement; 
Woman Creek Isotope sampling 

Stream Flow Measurement; 
Woman Creek Isotope sampling 

Stream Flow Measurement: 
WomanCreek Isocopesampling 

Stream Flow Measurement; 

Stream Flow Measurement; 
Woman Creek Isotope sampling 

Stream Flow Measurement; 
Woman Creek lsotope sampling 

I 

LocatiodRationale 

600 feet downaream of west boundary on main creek Determine 
surfadgrcundwater i n t d o n s  of main creek f a  OU 5 modeling: 
calibration of new locations. Determine presence and amount d 
evaporitic water contributions to stream flow. 
1020 feet downstream of west bcundary on main creek. Determine 
surfadgrandwater  i n t d o n s  of main creek for OU 5 modeling; 
calibration of new locations. Determine presence and amount of 
evaporitic water contributions to stream flow. 
1600 feet downstream of west boundary on main creek. Determine 
surfadgrandwater  interactions of main creek for OU 5 modeling; 
calibration of new locations. Determine presence and amount of 
e v d t i c  water contributions to stream flow. 
1950 feet downstream of west boundary on main creek Determine 
surfadgrcundwater interaaions of main creek f a  OU 5 modeling; 
calibration of new locations. Determine presence and m n t  d 
evamritic water contributions to flow. 

2200 feet downstream of west boundary on tributary creek. Determine 
surfadgrcundwata interaaioas of tributary creek for OU 5 modeling; 
calibration of new locations. Determine presence and amount of 
evaporitic water contributions to stream flow. 
1700 feet downstream of west boundary on tributary creek. Determine 
surfacdgroundwater interactions of tributary creek for OU 5 modeling; 
calibration of new locations. Determine presence and amount of 
evaooritic water contributions to stream flow. 

750 feet downstream of west boundary on tributary creek fitemhe 
surfadgrcundwata interaaiOar of tributary creek for OU 5 modeling: 
calibration of new l d o n s .  Determine prc~ence and amount of 
evaporitic water coatrihrtioos to stream flow. 
2625 feet downstream of west baundary OD main creek. Detmnine 
s u r f d p n d w a t e r  interactiaap of main a e e k  f a  OU 5 modeling; 
calibration of new locations. Determine presence and m n t  of 
e v d t i c  water contributions to stream flow. 
3900 feet downstream of west boundary on main creek. Determine 
surfacelgroundwater interactions of main creek for OU 5 modeling; 
calibration of new locations. Determine presence and amount of 
evaporitic water contributions to stream flow. 

4425 feet downstream of west boundary on main creek. Determine 
s u r f d g r c u n d w a t a  interactioos of main aeek f a  OU 5 modeling: 
caliMon of new locatim. Determine presence and amount d 
e v d t i c  water contributioas to stream flow. 

Key: STIE Stream location from original Woman Creek Gain/Loss Study 
ST New stream gauging location. 
SP New spring gauging location. 
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TABLE 2 
STREAMSPRING-FLOW GAUGING LOCATION FUNCTION, Continued. 

Molutormg 
Station 
Number 

sTIE11 

sm12 

STIE13 

STIE14 

STIE15 

STIE16 

STIE17 

c1 

STIE18 

STIE19 

Stream Flow Measurement: 
Isotope sampling 

Woman Creek 

Stream Flow Measurement: Woman Creek 
Isotope sampling. 

Stream Flow Measurement: 
Isotope sampling. I Woman Creek 

Stream Flow Measurement: 
Isotope sampling. Woman Creek 

No station No station 

Stream Flow Measurement: 

I 
I 

Stream Flow Measurement; 
Woman Creek Isotope sampling I 

Seeam Flow Measurement; 
WomanCreek lrotopesampling I 

Stream Flow Measurement; 

Stream Flow Mwurement: 
Woman Creek Isotope sampling 

I 

LocatiodRationale 

5025 feet downstream of west boundary on main creek. Determine 
surfdgruundwater interaaioas of main creek for OU 5 modeling: 
caliWon of new locations. Determine presence and amount of 
evaporitic water contributions to stream flow. 

5775 feet downstream of west boundary on main creel. Determine 
s u r f d p n d w a t e r  intdm of main creek for OU 5 modeling. 
Calibration of new locations. Detennure ’ presenceandamountof 
e v d t i c  water contribution3 to stream flow. 

200 feet upstream of Woman Creek confluence on Antelope Springs 
tributary. Determine surfdgramdwater interaction3 of tributary creek 
for OU 5 modeling; caliWon of new locations. Determine presence 
and amount of e v d t i c  water contributions to stream flow. 

2375 feet downstream of Antelope Spings on tributsry creek 
Determine surfdgramdwater interadions d tributary creek for OU 5 
modeling: calibration of new locations. Determine pre.uace a d  amount 
of evaporitic water contributions to stream flow. 

No station. 

600 feet downstream of confluence with Antelope Springs tributary on 
main creek Determine surfdgrcundwata interactions of main creek 
for OU 5 modeling: calibration of new locations. Determine presence 
and amount of evaooritic water contributions to stream low. 
1450 feet downstream of confluence with Antelqx Springs tributary on 
main creek. Determine su r fdg rwndwata  in te rdons  of main creek 
frx OU 5 modeling: calibration of new locations. Determine presence 
and amount of evaporitic water con~butions to stream flow. 
100 feet downsueam of Pond C-1 dam on main creek. Determine 
s u r f d p d w a t a  i n t d o n s  of main creek fcx OU 5 modeling: 
calibration of new locatio~. Determine presence and amount ob 
evmoritic water contributions to stream flow. 

500 feet downstream of Pond C-1 dam on main creek Determine 
su r fdg rwndwata  interactions of main creek f a  OU 5 modeling: 
calibration of new locations. Determine presence and amount of 
evapMitic water contributions to stream flow. 
850 feet downstream of Pond C-1 dam on main creek Determine 
surfdgroundwater interanions of main creek for OU 5 modeling: 
calibration of new locations. Determine presence and amount d 
e v d t i c  water contributions to stream flow. 

Key: STIE Stream location from Original Woman Creek GaidLoss Smdy 
ST New stream gauging location. 
SP New spring gauging location. 

May 1. 1995 
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Mombrmg 
Station 
Number 

sTIE20 

s m 2 1  

ST22 

ST23 

ST24 

ST25 

ST26 

ST27 
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TABLE 2 
STREAM/SPRING-FLOW GAUGING LOCATION FUNCTION, Continued. 

Drainage 

Woman Creek 

Woman Creek 

Woman Creek 

Woman Creek 

Woman Creek 

Woman Creek 

Woman Creek 

Woman Creek 

Stream Flow Measurement; 
Isotope sarapling 

Stream Flow Measurement; 
Isotope samphe 

Stream Flow Measurement; 
Isotope Sampling 

Stream Flow Measurement; 
Isotope SamplinS 

Stream Flow Measurement; 
Isotope S a m p h  

Stream Flow Measurement: 
Isotope S a m p h  

S- Flow Measurement; 
Lsotope sampline 

Stream Flow Measurement; 
Isotope Sampling 

Stream Flow Measurement; 
Isotope SamPEnS 

LocatiodRationale 

1425 feet dowmeam of Pond C-1 dam on main creek. Determine 
sur fdgmundwata  interactioas of main creek for OU 5 modeling; 
calibration of new locations. Determine presence and amount of 
e v d t i c  water contribtioos to stream flow. 

750 feet downstream of Pond C-2 dam on main aeek Determine 
surfadgmundwata interaaioaS of main creek f a  OU 5 modeling; 
calibration of new locations. Determine presence and amount of 
evamritic water coatributioos to stream flow. 

75 feet upstream of S. Bouldu Diversion Canal on tributary. Determini 
surfadgroundwater i n t e d o o s  of tritutary creek for OU 5 modeling; 
determine flow rate upseeam of canal for est idng canal seepage lass 
Detamine presence of canal water meibutioos to stream flow using 
isctopes: establish isotope bac-d 

75 feet upseeam of S. Boulder Diversion Canal on Kinnear Ditch. 
Detamine surfadgroundwater interaaions of tributary creek far OU 5 
modeling. Determine flow rate upstruun of canal for estimating canal 
seepage lass. Determine presence d cand water contributions to strear 
flow wine isotoaes: estaMish isotoOe bsclmround. 

1025 feet downstream of S. Boulder Diversion Canal on tributary. 
Determine surfdgramdwater interactions of tributary creek for OU 5 
modeling. Determine flow rate downstream of canal for estimating QUI< 

seepage lass. Determine presence of canal water contritutions to strean 
flow wing isotopes; establish isotope background. 
1350 feet dowmeam of S. Boulder Diversion Canal on Kinnear Ditch. 
Determine surfdgroundwater interactions of tributary creek far OU 5 
modeling. Determine flow rate downstream of cand for estimatin 8 -< 

seepage loss. Detennk presence of d water contributions to strean 
flow wing isotoQes; establish ipotope beckground. 

2375 feet upstream of west boundary on main creek. Determine 
surfadgrmndwata interndm of main creek for OU 5 modeling. 
Determiac flow rate at Laramiff ix Hills SS outcrop far estimating 

stream flow using isotopes; establish isotope background. 

surfdgroundwata intereaiooS of main creek f a  OU 5 modeling. 
Determine flow rate do- of Laramie/Fox Hills SS outcrop for 
estimating stream gainnos. Determine presence and m n t  of 

At west boundary on mPin creek. Detamine s u r f d p n d w a t e r  
interaaiocw of main creek far OU 5 modeling. Determine flow rate at 
west boundary far estimating stream gainnosJ in main creek. Determini 
prcpe~x and amount of evapaitic wakx coatributiolu to strcam flow 

stnam gainnos. Determine presence d d water contritutions to 

700 feet upsueam of west boundary on main creek. Determine 

evaporitic water coomtutioac to stream flow. 

Key: STIE Stream location from ariginal Woman Creek Gai~dLosa Study 
ST New stream gauging location. 
SP New spring gauging location. 
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ST29 

ST30 

ST3 1 

ST32 

ST33 

ST34 

ST35 

ST36 

ST37 

- 
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TABLE 2 
STFIX.EMSB~G-FLBW GAUGING LOCATION FUNCTION, Continued. 

Drainage 

At west boundary on main creek. Determine s u r f d g r d w a t e r  
ioteractions of main creek f a  OU 5 modeling. Detamine flow rate et 
west boudary for estimating stream gainnoss in main m k .  Determinc 

Stream Flow Measurement; 
Isotope sampling I presence and amount of evaporitic watez contributions to stream flow. 

I 1275 feet uptream of west boundary on tributary creek. Determine 

Stream Flow Measurement; 
Isotope sampling 

1 surfdgrcundwata intapNoas ' of tributary creek for OU 5 modeling. 
Detamine flow rate of Smrpt 2 Ditch upsec~l of west boundary f a  
estimating gainnos.9. Determine presence and amount of evapaitic watr 
contributions to stream flow. 
75 feet downseeam of small tributary confluence on Antelope Springs 
tributary. Determine surfdgrcundwata interactions of tributary creek 
f a  OU 5 modeling. Determine stream gainnoses along Antelape 
Springs tributary. Detamine presence and LlMunt of ewipaitic water 

I contributions to stream flow. 

Woman Creek 

Stream Flow Measurement; 
Isotope sampling Woman Creek 

75 feet upsueam of small eibutary confluence on tributary. Determine 
surfdgrcundwata interaclioas of tributary creek for OU 5 modeling. 
Determine flow rate contrihtiom to Antelope Springs tributary. 
Detamine presence and amount of evrparitic wata contribdow to 
stream flow. 

Stream Flow Measurement; 
hotape sampling 

Woman Creek 

I 500 feet downsfream of (xchard Spring tributary on main creek. 
Determine surfdgrmdwater  interactiioas of main creek f a  OU 5 
modeling. Improve gain/loar resolution between locations STIE8 and 
STIE9 on main creek. Detennine presence and Bmount d evaporitic 

Stream Flow Measurement; 
Isotope sampling 

Woman Creek 

I water contributions to stream flow. 

I 350 feet downseeam of STIEll on main creek. Determine 
surfdgrcundwata interactions of main creek f a  OU 5 modeling. 
Improve gain/laM resolution between l d o a s  S m l l  and S m l 2  
Determine presence and amount of evaporitic warm cootributions to 
stream flow. 
350 feet downseeam of location STIE17 on main creek. Detennine 
s u r f d g r a d w a t a  intendm of main creek for OU 5 modeling. 
Det&ne flow rate contfhtho to P a d  C-1. Determine presence and 

Woman Creek 

~ 

Woman Creek Stream Flow Measurement; 
lpotope sampling - -  I ~mount of evaporitic wata coneibutions to stream flow. 

I 2650 feet upstream of tributary confluence on tributary. Determine 

Stream Flow Measurement; 
Isotope Sampling 

surfd&ndweter  intrraaioDs of tributary ueek for baseline 
charaaerizatioa Determine flow rate f a  estimating stream gaidoss in 
tributary creek. Determine presence of evaporitic water contributions to 
stream flow from mininu 00erati0~. 

Rock Creek 

a 
At west boundary on main creek. Detedne s u r f d g m d w a t e r  
interactions of main creek for &line CharSam ' d o n .  Determine flow 
rate upshwmd LaramidFox Hills SS JubQopfaestimating meam 
gainnos.9. Establish environmental isotope backgrad. 

Stream Flow Measurement; 
Isotope sawling 

Rock Creek 

Key: STIE Stream locatio0 from original Woman Creek GainlLoss Study 
ST New stream gauging location. 
SP New spring gauging l d o n .  
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ST38 

ST39 

ST40 

ST41 

ST42 

ST43 

ST44 

ST45 
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TABLE 2 
STWEMSPmG-FLOW GAUGING LOCATION FUNCTION, Continued. 

Drainage Purpose LocatiodRationale 

1525 feet downstream of west boundary on main creek. Mennine 
surfaceJgramdwater interactions of main creek f a  baseline 
charaderimion. Determine flow rate at LaramielFox Hills SS subcrop 
for estimating stream gainnanr. Establish environmental isotape 
background. 

3225 feet downstream of west boundary on main creek. Determine 
surfdgrcundwata interactiom of main ueek f a  baseline 
charaderization. D e m e  flow rate downslream of Laramidhr Hill! 
SS subcrop for estimating stream gaidosp. Eaablish environmental 
isotooe backaround 

Stream Flow Measurement; 
Isotope Sampling Rock Creek 

Stream Flow Measurement; 
Isotope Sampling Rock Creek 

Stream Flow Measurement; 
Isotope sampling 

75 feet upstream of small tributary confluence on tributary. Deermine 
flow rate contributions to main creek Establish environmental isotope 
backRround. 

Rock Creek 

4075 feet downstream of west boundary on main crcek. Determine 
surfdgrcundwata interactiom of main a u k  f a  baseline 
characterization. Detamine flow rate downstream of small pond f a  
estimating stream gainnoss in main creek Establish environmental 
isotope background 

4500 feet downstream of west boundary on main creek; 
Determine surfadgroundwater interactions of main creek for baseline 
characterization; 
Determine flow rate for estimating stream gaidoss in main creek 
Establish environmental isotope background. 

5600 feet downstream of west boundary on main creek; 
Determine surfdgroundwwatu i n t e d o n s  d main creek for baseline 
charaderimtion; 
Determine flow rate f a  estimating stream gaidans in main creek 
Establish environmental isawe beckmound. 

Stream Flow Measurement; 
(sotope sampling 

Rock Geek 

Stream Flow Measurement; 
Isotope sampling 

Rock Creek 

Stream Flow Measurement; 
L-JPe sampling 

Rock Creek 

6975 feet dowmeam of west boundary on main creek upstrram of 
Lindsey d paad; 
Detarnine surfaceJgroundwater interadions of main ueek f a  baseline 
cbaracterimion; 
Determine flow rate f a  estimating &eam gaidlanr in main ucek 
Establish environmental isotope background. 

75 feet downstream d Iindsey ran& pond dam on main creek: 
Detexmine surfaceJgroundwater interactions of main creek for baseline 
characterization: 
Detamine flow rate f a  estimating stream gaidoss in main creek 
Establish environmental isotope background. 

75 feet upsaeam of small tributary d u e n a  on tributary; 
Determine flow rate contributiom to main creek 
Establish environmental isuw background. 

Strram Flow Measurement; 
[sotope sampling 

Rock Creek 

Stream Flow Measurement; 
rsotope sampling 

Rock Geek 

Rock Geek 
Stream Flow Measurement; 
hotope sampling 

Key: STIE Stream location from original Woman Geek Gaidbss Study 
ST New stream gauging location. 
SP New spring gauging locatioa. 
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3LE 2 
2 LOCATION FUNCTION, Continued. 

LocatiodRationale Purpose Drainage 

Stream Flow Measurement: 
Isotope Sampling 

1275 feet downstream of Lindsey ranch pond dam on main creek 
Determine surfdgroundwater  intenutions of main ueek f a  baseline 
characterization. Determine flow rate for estimating stream gainnass in 
main creek Establish environmental isotope background 

Rock Creek 

2450 feet downstream of Lindsey ranch pond dam on main creek. 
Determine surfdgrcundwata interadom of main creek f a  baseline 
characterization. Determine flow rate for estimating stream gainnass in 
main creek upstream of major tributary. Establish environmental isotop 
background. 

Stream Flow Measurement: 
Isotope Sampling Rock Creek 

Rock Creek 

3575 feet downstream of Lindsey ranch pond dam on main creek. 
Detamine s u r f d g r a m d w a t a  iatasmoar d main creek f a  baseline 
charaderizaton. 
main creek upseeam of major eibutary. Establish environmental is0top 
background. 
4500 feet downstream of Lindsey ranch pond dam on main creek 
D&ne s u r f d g r o u n d w a t a  interadoas d main creek f a  baseline 
charaderization. Determine flow rate f a  estimating stream gainnoss in 
main creek upstream d tri-. Establish environmental isotope 
background. 
75 feet upstream of tributary mduence on tributary. Detamine flow 
rate contributiom to main creek. Establish environmental isotope 

5700 feet downstream of Lindsey mch pod dam on main creek 
Detamine surfadgroundwater interactions of main ueek for baseline 
charaderization. Determine flow rate f a  estimating stream gainhw in 
main creek upstream of small tributary. Establish environmental isotope 

Determine flow rate fm estimating StreMl gainnoss in 

background. 

Stream Flow Mea~urement: 
Isotope sampling 

Stream Flow Measurement; 
Isotope sampling 

Rock Creek 

Rock Creek 
Stream Flow Measurement: 
Isotope sampling. 

Stream Flow Measurement: 
Isotope SampLnS 

Rock Creek 

75 feet upstream of tributary mnfluence on tributary. Determine flow 
rate contributiom to main ueek EstaMish environmental isotope 
background. 

At nath boundary on main creek. Determine surfacelgroundwata 
interactions of main cnek for baseline ’ ‘on. Determine flow 
rate for estimating stream gainnoss in main a k .  Establish 
environmental irotooe backxround. 

Rock Creek 
Stream Flow Measurement; 
Isotope sampling. 

Stream Flow Measurement; 
Isotope S a m p b  

Rock Creek 

75 feet upsaeam of tributary mnfluence on tributary. Determine 
s u r f d g m u n d w a t a  interaaioas of tributary ueek for baseline 
charaderization. Determine flow rate mneibutions to main creek 
Determine presence of evspcritic water contributions to stream flow 
from mining aperatiolw. 

Stream Flow Measurement; 
Isotope sampling Rock Creek 

Key: STIE Stream location from original Woman Creek Gain/Loss Study 
ST New stream gauging location. 
SP New spring gauging loCati00. 
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TABLE 2 
STREAWSPWNG-FLOW GAUGING LQCATION FUNCTION, Continued. 

Drainage LocatiodRationale 

75 feet upstream of tributary mnfluence on tributary. Determine 
s u r f d g w m d w a t a  interaaioos of tributary creek for baseline 
characterization. Determine flow rate mntributions to main creek. 
Detemine presence of evapaitic water cootributions to stream flow 

75 feet upstream of tributary confluence on tributary. Detamine 
s u r f d g r a m d w a t a  intereaioas of tributary creek f a  baseline 
characterization. Determine flow rate for estimating stteam g d o s s  in 
tributary creek. Determine presence of evaporitic water contributioru to 
stream flow from mining aoerations. 

from mining operations. 

Stream Flow Measurement; 
Isotope sampling Rock Creek 

Stream Flow Measurement; 
Isotope sampling Rock Creek 

Stream Flow Measurement: 
Isotope sampling 

75 feet upaream of tributary confluence on tributary. Deteamine 
s u r f d g r c u n d w a t a  intereaioas of tributary creek for baseline 
chatauerization. Determine flow rate contributions to tributary creek. 
Establish environmental isdope background. 

1775 feet upstream of tributary confluence on tributary. Determine 
sur fdgrcundwata  interacticms of tributary creek for baseline 
charaderization. Determine flow rate for estimating stream ga inha  in 
tributary creek. Establish environmental isotope background 

Rock Creek 

Stream Flow Measurement; 
Isotope sampling Rock Creek 

Seeam Flow Measurement; 
Isotope sampling 

3900 feet upstream of tributary confluence on tributary. Determine 
surfdgrcundwata  intereaioas of tributary creek for baseline 
charaderimtion. Determine flow rate for estimating stream gain/loss in 
tributarv creek. Establish environmental isotooe backmound 

Rock Creek 

Stream Flow Measurement; 
Isotope sampling 

5175 feet upstream of tributary amfluena on tributary. Determine 
s u r f d p n d w a t e r  ’ of tributary creek for baseline 
characterization. Determine flow rate for estimating stream gridloss in 
tributary creek. Establish enviroamental isotope background 

Rock Creek 

Seeam Flow Measurement; 
Isotope samph3 

75 feet upstream of triitary confluence on tributary. Deteamine 
s u r f d g r c u n d w a t a  interactioas of tributary creek for baseline 
characterization. Determine flow rate contributions to tributary creek. 
Determine pre~ence of evaporitic watec amtributioa~ to stream flow 
from mining operations. 
1450 feet upstream of tributary confluewe on tributary. Determine 
s u r f d p n d w a t a  intermdons of trihtary creek for baseline 
characteridon. atemnine flow rate f a  estimating stream gaidoss in 
tributary creek. Determine presence of evapaitic water contributiom to 
strram flow f m  mining d o n s .  

Rock Creek 

Stream Flow Measurement; 
Isotope sampling Rock Creek 

2800 feet upstream of tributary confluence on tributary. Determine 
s u r f d p n d w a r a  interactiotu of tributary creek for bapeline 
charaderization. Determine flow rate for estimating stream glrinnass in 
tributary creek. Determine prcsena of evaporitic water contributioap to 
stream flow from mining ogeratiom. 

Stream Flow Measurement; 
lpotope sampling Rock Creek 

Key: STLE Stream lccation from original Woman Creek GaidLo*r Study 
ST New stream gauging location. 
SP New spring gauging location. 
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75 feet upstream of tributary conflueace on small tributary; 
Decermine flow rate contriions to tributary meek 
Determine presence of evaparitic water conmitiioac to axam flow 
from mining operations 

75 feet upstream of small tributary confluena on main tributary. 
Detennine sutfacdgroundwater interactions d tributary ueek for 
bascline charaaerization. Determine flow ratc for estimating stream 
gaidass in tributary creek. Determine presence ob evaporitic w a r  
contributions to stream flow from mining operations. 

TABLE 2 
STItEMSBmG-FLOW GAUGING LOCATION FUNCTION, Continued. 

2. 

Drainage 

Rock Creek 

Rock Creek 

Rock Creek 

Rock Creek 

Rock Creek 

Rock Creek 

Rock Creek 

Rock Creek 

Rock Creek 

Stream Flow Measurement; 
hotope sampling 

Stream Flow Measurement; 
Isotope sampling 

Stream Flow Measurement; 
hotope sampling 

Stream Flow Measurement: 
hotopesamp~g ' 

Stream Flow Measurement; 
Isotope sampling 

Stream Flow Measurement; 
[sotope sampling 

Stream Flow Measurement; 
Isotope sampling 

Stream Flow Muwrement; 
m sampling 

Stream Flow Measurement; 
Isotope sampling 

LocatiodRationale 

3825 feet upstream of tributary confluence on tributary. Determine 
surfd&ndwatex intcrectioas of tributary c r a k  for baseline 
charaduizstion. Determine flow rate downstream d LaramieJFOx Hills 
SS subcrop for estimating suenm gaidosp. Fstabliph environmental 
isotope background. 
At LaramiJFox Hills subaop on tributary ueek. Determine 
s u r f d p n d w a t a  i n t d o n s  of tributary ueek for baseline 
chiuauerization. Determine flow rate at Laramie/Fox Hills SS subcrop 
for estimating stream gadloss. W l i s h  environmental isotope 
background. 
At west boundary on tributary. D e t d n e  sutfacdpoundwater 
i n t d o n s  of tributary ueek for baseline ' .on. Determine 
flowratelIpslreamd LaramK/F ' ox Hills SS subcrop for estimating 
stream R ~ ~ ~ C X S .  Establish environmental ipotope background. 

75 feet upstream of tributary confluence on small tributary. Determine 
flow rate contributions to m i  creek. Determine presence of 
evaporitic wafer contribtioas to axam flow from mining opedons. 
75 feet upstream of small tributary confluence on main tributary. 
Detamine surfacdgroundwater interactions d h h t a r y  creek fcr 
baseline characterization. Determine flow rate for estimnting shzam 
gaidaps in tributary creek. Determine presence d evaporitic water 
contributions to stream flow from mining aperations. 

Key: STIE Stream location from aiginal Wonran Creek G a i n h . ~  Study 
ST New stream gauging location. 
SP New spring gauging locatioa. 

May 1. 1995 
SEEFCHAR.W 



ENVIRONMENTAL RESTORATION PROGRAM 

Work Plan Section: 
Seepage Characterization Manual: 

Page: 

RF'/ER-94-00050 
3.0, Final, Rev. 0 

57 of 120 

TABLE 2 
STREMSPWPPJG-FLOW GAUGING LBCATIQN FUNCTION, Continued. 

Drainage 

Rock Creek 

Woman Creek 

Woman Creek 

Woman Creek 

Woman Creek 

~~ 

Walnut Creek 

Walnut Creek 

No Name Gulch 

Rock Creek 

Rock Creek 

Rock Creek 

Stream Flow Measurement: 
Isotope sampling 

Spring Flow Measurement; 
Wata quality sampling: 
Isotope sampling 

Spring Flow Measurement: 
Wata quality sampling: 
Isotope sampling 

~~ 

Spring Flow Measurement: 
Water quality sampling: 
Isotope sampling 

Spring Flow Measurement: 
Wata quality sampling; 
Isotope sampling 

Spring Flow Measurement: 

Spring Flow Measurement; 

Spring Flow Measurement: 
Wata quality sampling: 

Spring Flow Measurement: 
Watex quality sampling; 

Wata quality sampling; 

wata quality sampling: 

Isotope sampling - 

Isotope s a m p m  

Spring Flow Measurement; 
wata quality samphlg: 
Isotope sampling 

Spring Flow Measurement: 
Wata quality sampling; 
Isotope sampling 

LocatiodRationale 

1600 feet upstram of small tributary confluence on main tributary. 
Detamine surfdgcoundwater interaaioos of tributary creek f a  
baseline charaaenza ' tion. Determine flow tate f a  &mating stream 

contributions to stream flow from mining operations. 
Orchard Spring area, west seepaee. Determine hydrologic conditions in 
support d seep aquatic biota monitoring. Determine flow rate for 
eStimating stream gainnasS in main creek. Determine presence and 
amount of evamritic water contributions to stream flow. 

gainnanr in tributary Ueek. Determine presence devaporitic water 

Seep associated with old Woman Creek channel. Detaminc hydrologic 
conditions in support of seep 4uatic biota monitoring. Determine flow 
rate for estimating stream gainha in main ueek. Determine presence 
and amount of evaporitic water contributions to stream flow. 
Orchard Spring area, cast seepage. Determine hydrologic conditions in  
support of seep aquatic biota monitoring. Determine flow rate for 
Mtimating stream gainnanr in main creek. Determine presence and 
amount of evaporitic w a t a  conkibutions to stream flow . 
Seep below urnt end d OU1 F r e d  Drain. Determine hydrologic 
conditiom in support of seep aquatic biota monitoring. Determine flow 
rate for estimating stream gainnosp in main -k. Determine sauce of 
seen usinn isotom. 

Seep above B-1 pond. D e w  hydrolo& o~adi t ioo~ in suppoct Of 

seep aquatic biota d t a i n g .  

Seep in gully cast of OU 2 Daerrmne ' hydrologic conditions in suppa? 
of Jeep aquatic bida monitoring. 

ResentLandfiUSeep. Detmnme ' hydrologic conditions in support of 
seep aquatic biota moaitoring. Determine isO(0pe input to land fill pond 

Lindsey ranch pond sping, west, Determine hydrologic cooditiws in 
support of seep aquatic biaa d t o r i n g .  Determine flow rate f a  
estimatingstrepmgPinnossinmainek. JhtenNm ' environmental 
isdobe tackeround. 

-.A - 

Lindsey ranch pond sping, east. Detamine hydrologic conditions in 
support of seep aquatic biota monitoring. Deermine flow rate for 
Cstimating strepm gaioha in main creek Determine environmental 
isotope tackground 
U M ~  spring complex NE d Lindsey ranch: Determine hydrologic 
conditions in support of seep aquatic biota monitoring; Determine flow 
rate for estimating stream gain/loJJ in main creek. Determine 
environmental isotooe backmound. 

Key: STIE Stream location from original Wonvln Creek GainlLoJs Study 
ST New stream gauging location. 
SP New spring gauging locatioa. 
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3.2.1 Siting of Flow-Measurement Locations 

In general, calibrated flumes (Fedors and Warner, 1993) will be used to make the flow 

measurements. Existing primary flow measuring devices (flumes and weirs) will be used to the 

extent possible in the Woman Creek and Rock Creek basins. In addition to available existing 

equipment, flumes have been fabricated for this study to the same specifications as those of the 

existing calibrated flumes. In the case of small flows, such as associated with individual seepage 
discharges, volumetric measurements will be made using calibrated devices as detailed in the OP 

SW.04, Discharge Measurement (DOE, 19920. The measurements at the upstream and 

downstream ends of individual stream reaches will be made synoptically so as to minimize errors 

in the measurements and accurately depict the gainflosses within the reach. e 
Fedors and Warner (1993) sited the locations of flow measurements in Woman Creek at 
intermittent spacing along Woman Creek during July and August when low flows dominated. 

The siting criteria of actual observations of flow in the stream and adjacent springs, along with 

RFETS personnel's past observations were used to site the locations of gainnoss stream-flow 

measurements in the Rock Creek basin (Figure 3). The length of stream reach sections depend 

upon actual and past field observations, but also are based on indicators such as riparian 

vegetation, stream geometry (channel width and slope), and changes in these factors. When 

riparian vegetation and stream channel vegetation consist of large trees and/or patches of cattails, 

rushes, willows, or "seep vegetation" upslope from the channel, the reach will be assumed to be 

a gaining section. Channel sections where there is scrub brush or little vegetation is present will 

be inferred to be losing reaches for purposes of locating stream-flow measurement points. 
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3.2.2 Flow-Measurement Procedures 

The current OP SW.04 (DOE, 1992f), for stream-flow measurements at temporary locations does 

not anticipate the conditions which are prevalent in the Woman Creek and Rock Creek basins 

at the RFETS. These conditions include the inability to excavate the channel each time a flume 

is temporarily installed; rocky, cobblely, and sandy channel bottoms and sides leading to large 

leakage problems; and relatively steep channel bottom slopes requiring adjustable legs to level 

the flumes. These conditions were overcome during the design and operation of a similar 

gainfloss stream-flow program in Woman Creek and are documented by Fedors and Warner 

(1993). Cutthroat flumes were manufactured and calibrated in the Colorado State University 

(CSU) hydraulics laboratory. A large plastic apron was attached to the upstream end of the 

flumes and sandbags used to reduce the leakage to acceptable values (usually less than 10 percent 
of the total measured discharge) during stream-flow measurements. After installation, the flume 

water levels were allowed to stabilize for approximately 15 to 30 minutes before final readings 

were taken. Once a flume size was determined to be appropriate for a specific measurement site, 
the Same flume was used at that site for each round of monitoring. In this way, the 

measurements were consistent from month to month. This procedure will be used for this current 

study of gainfloss measurements. 

The calibration by CSU assumed that the general equation for flow in a flume is given by 

where Q is the discharge in cubic feet per second (cfs), h, is the staff gauge reading at the inlet 

portion of the flume in feet, C, and n, are unitless coefficients which are specific to each flume. 

The coefficients were obtained from calibration measurements for each flume made at CSU 

(Fedors and Warner, 1993). The validation data were fitted to a form of Equation (1) and the 
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coefficients C, and n,,, of the power equation calculated. These coefficients for the four cutthroat 

flumes are given in Table 3 below. 

TABLE 3 
CUTTHROAT-FLUME CALIBRATION COEFFICIENTS 

Flume Name c, n, 
Delta Blue 0.724 1.680 

Alpha Lou 1.368 1.631 

Beta Sue 1.345 1.649 

Gamma Jean 1.939 1.638 

Results of the CSU calibration studies also are shown geographically on Figures 4 through 7. 
A typical set of stream-flow measurement stage results and resulting discharge calculations are 

shown in Table 4 for selected Woman Creek sites. These types of calculations will continue to 

be made for Woman Creek and this technique will be used for the sites selected on Rock Creek. 

Judgements as to gaining and losing reaches will be made, based upon the difference in measured 

stream flow from upstream to downstream within a given reach as shown in Table 4. Where 

existing and ongoing surface-water discharge monitoring is being undertaken by RFETS, such 

as gauging stations GS001, GS002, GS005, and GS006 in the Woman Creek basin (Figure 3 and 

Table 4), data supplied by RFETS from these sites will be used in the gainnoss calculations. 

May 1. 1995 SEEPCHARWP 
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TABLE 4 
WOMAN CREEK GAINKQSS DATA - OU 5 - APRIL 6-8,19931' 

Inbc Outla &timuad cshrlarsd Mjwtd 
Due Site Tine phtme Hsd Hsd Lsi.lraea Pbw P b W  

(hlxrlill) (tt) (A) (S) (CfS) ( C f p  

4/6/93 GSOOS 11:5059 AS1 9.5" 0.048 --') 0.0 0.03 0.03 

_-- -- _ _ _  --_ -- -- -- 1 

2 11:51:00 Delta Blue 0.540 0.150 0.0 0.26 0.26 
U I 

II I 3 I 11:24m I Beta Sue I 0.370 I 0.085 I 0.0 I 0.26 I 0.26 
H 1 

4 11:18m GammaJean 0.310 0.065 0.0 0.28 0.28 

4 11:18m Gamm~Jean 0.310 0.065 0.0 0.28 0.28 

5 13:51:00 AlphaLau 0.200 0.065 0.0 0.10 0.10 

8 13:40:00 BetaSue 0.450 0.100 5.0 0.36 0.38 

6 13:59:00 DeltaBlue 0.250 0.050 0.0 0.07 0.07 

7 14:25:00 Delta Blue 0.250 0.050 0.0 0.07 0.07 

GS006 14:25:00 MI 9.5" 0.079 -- 0.0 0.06 0.06 

I 5 I O8:25m I Alobo Lou I 0.22 I 0.M5 I 0.0 I 0.12 I 0.12 

8 08:51:00 Beta Sue 0.600 0.135 2.5 0.58 0.59 

9 1018m ASI9.5" 0.350 -- 0.0 0.62 0.62 

10 1052.a A l p h a h  0.740 0.175 5.0 0.84 0.88 

11 11.am GammaJean 0.610 0.190 5.0 0.86 0.9 1 

12 12:47W Alpha Lau 0.805 0.190 5.0 0.96 1.01 1 
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0.62 0.63 

TABLE 4 

Continued 
WOMAN CREEK GAINLOSS DATA - OU5 - APRIL 6-8,1993, 

Trms 
(hrslin) 

09:14:00 

0 9 : 5 9 a  

Inbc Outla Eplimud 
phrme Hard Hsad L-kw 

(R) (R) (%) 

BetaSue 0.275 0.090 0.0 

DeltaBlue 0.250 0.050 0.0 

0.16 0.16 

09:14a 

0 9 : 2 5 a  

09:30a 

--- 
10:12:00 

BetaSue 0.275 0.090 0.0 0.16 0.16 

GammaJean 0.585 0.155 0.0 0.81 0.81 

AS1 9.5" 0.410 -- 0.0 0.78 0.78 

Not done, Hum capacities exceeded _I _- __- 
6" V-notch 381.300 gpm 0.0 0.85 0.85 

1 1) Source: EG&G Surface Water Division. 
2) Adjusted flow reflects C O I T ~ O I U  for estimated leakage during flow measurement. 
3) --- means no data 

3.3 Site-wide Spring/Seep Inventories, Data Analysis, 
and Reporting 

This subtask will consist of two components: (1) two comprehensive site-wide spring and seep 

inventories; and (2) regular monitoring at selected seeps and springs identified in the inventories. 

3.3.1 Comprehensive Site-Wide SpringlSeep Inventories 

The site-wide inventories will be conducted during high- and low-flow conditions in 1995 and 
will be integrated with the gaidloss measurement surveys described in Section 3.2. The purpose 
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of the site-wide inventories is to determine the relative flow and general waterquality and 

isotopic characteristics of individual springs and seepage areas at the FWETS. Typically, high 

seephpring flows occur during the months of February through May, and low flows occur during 

the months of June through January. However, if evapotranspiration is an important component 

of the low-flow scenarios, seep/spring discharges may actually increase after the first killing frost, 

when evapotranspiration decreases. The comprehensive inventories will include the collection 

of basic hydrologic data for each seepkpring, such as the apparent geologic source and spring 
type, seepage flow conditions and flow rates, and field waterquality variable measurements 

(water temperature, pH, specific conductance, and dissolved oxygen). The locations of known 

seepdsprings will be based upon recent spring and seep mapping conducted by the United States 

Geological Survey (USGS) and recent wetlands mapping conducted by the U.S. Army Corps of 

Engineers (ACE, 1994). Approximately 200 individual seephpring locations will be assessed 

during the inventories. 

At each springkep inventoried, a site description using OP SW.12 (DOE, 19920, will be done. 

Of particular importance is identification of vegetation associated with each inventoried 

springkeep and the apparent geologic unit from which each springlseep discharges. Geologic 

identification will be done using the most recent surficial geologic/soil maps and field 

identification of rocWsoil types at the spring/seep location. These data, along with other data will 

be recorded on Form SW.12A (or a modified version of SW.12A) provided in OP SW.12 (DOE, 
19920. Any modifications will be submitted to RFETS staff for review and approval. Upon 

approval, a DMR to SW.12 will be submitted. 

Upon completion of the springkeep inventory, a comprehensive seep map will be developed. 

This map will exclusively and accurately identify and delineate seeps caused by natural 

groundwater discharges. This map will be based on the hydrologic data collected during the 
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inventory, using the 1994 wetlands map (ACE, 1994) as a base. Once the map is drafted, it will 

be field-verified. 

Spring/seep flow rates will be measured using one of the techniques in OP SW.04 (DOE, 1990. 

Field water-quality variable measurements for water temperature, pH, specific conductance, and 

dissolved oxygen will be done in accordance with OP SW.02 (DOE, 19920. 

3.3.2 Regular Spring/Seep Monitoring 

Up to ten springs and seepage areas will be monitored twice monthly for discharge and selected 

field water-quality variables during high-flow periods and monthly during low-flow periods at 

locations selected for aquatic biota monitoring under the EPMD Ecological Monitoring Program 

(Figure 3). Experience with similar studies in Woman Creek indicate that, as discussed above, 

the high-flow period is generally during the months of February through May, and the low-flow 

period is during June through January of a typical year. These generalizations are highly 

dependent upon precipitation both prior and during any given year. 

At the spring flow-measurement sites, discharges will be measured with one of the calibrated 

portable cutthroat flumes used for the gainfloss studies or volumetrically using a calibrated 

container as described in OP SW.04 (DOE, 19920. It is anticipated that most spring discharges 

will not exceed 10 gallons per minute (gpm) (0.022 cfs). Field water-quality variables 

(temperature, pH, specific conductance, and dissolved oxygen) also will be measured at each of 

the 10 spring sites during each visit to more fully characterize the water. The water-quality field 

variables will be measured using OP SW.02 (DOE, 19920. Flow monitoring of seeps will be 

conducted at locations selected for aquatic biota and stream gainfloss monitoring. 
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Limited sampling of seep/spring discharges for waterquality and environmental isotope analyses 

will be performed at the direction of the CTR. Approximately 10 seepdsprings will be sampled 

monthly during the sampling period. Sampling wilI be in accordance with OP SW.03 (DOE, 
19920. Analytes will include TAL metals, VOCs, and water-quality constituents. Sampling will 

be conducted during the regularly scheduled site visits. Environmental isotope sampling at seep 

monitoring sites will occur during high and low flow conditions in coordination with stream 

gain/loss sampling activities described in Section 3.2, above. 
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4.0 DATA NEEDS AND DATA QUALITY OBJECTIVES (DQOs) 

DQOs are qualitative and quantitative statements derived from the outputs of the first six steps 
of a seven-step process. These first six steps are designed to clarify the study objective; define 

the most appropriate type of data to collect; determine the most appropriate conditions from 

which to collect the data; and specify tolerable levels of decision errors that will be used as the 

basis for establishing the quantity and quality of data needed to support the decision. DQos are 

then used to develop a scientific and resource-effective data collection design in the seventh step 

(EPA, 1994). 

The DQO process is a strategic planning approach based on the Scientific Method that is used 

to prepare for a data collection activity. It provides a systematic procedure for defining the 

criteria that a data collection design should meet including when to collect samples, where to 

collect samples, what the tolerable level of decision errors is for the study and how many samples 

to collect (EPA, 1994). 

The DQO process is used to assure that the type, quantity, and quality of environmental data used 

in decision making will be appropriate for the intended application. In addition, they are 

designed to guard against committing resources to data collection efforts that do not provide a 

defensible resolution to a decision that must be made (EPA, 1994). 

EPAs (1994) guidance on the DQO process defrnes the seven steps as follows: 

(1) state the Problem: Concisely describe the problem to be studied. Review prior 
studies and existing information to gain an acceptable understanding of the problem. 

(2) Identifv the Decision: Identify the decision that will solve the problem using new 
data. 
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(3) Identifv the InDuts to the Decision: Identify the information that needs to be learned 
and the measurements that need to be taken to resolve the decision. 

(4) Define the Studv Boundaries: Specify the conditions (time periods and situations) to 
which decisions will apply and within which the data should be collected. 

( 5 )  DeveloD a Decision Rule: Define the parameter of interest, specify the action level, 
and integrate previous DQO outputs into a single statement that describes a logical basis 
for choosing among alternative actions. 

(6) $oecifv Tolerable Limits on Decision Error$: Define the decision maker's tolerable 
decision error rates based on a consideration of the consequences of making an incorrect 
decision. 

(7) ODtimize the Decision: Evaluate information from the previous steps and generate 
alternative data collection designs. Choose the most resource-efficient design that meets 
a l l  DQOs. 

Through application of the DQO process, site-specific RFYRI goals are established and data 

needs are identified for achieving those goals. The studies described in this Work Plan are not 

RFI/RIs. Because the studies take place within the boundaries of some of the OUs, it is 

anticipated that some of the data resulting from these studies may be used as background and/or 

supporting information for selected RCWCERCLA OU RFI/RIs. Therefore, this section 

discusses the DQO process as it relates to these studies. Formal DQos have been established 

I for each of the OUs within whose boundaries these study locations lie (DOE, 1992a; 1992b) 

I 4.1 Data Users 

Data users are the decision makers and the primary and secondary data users. The decision 

makers for these studies are the technical management personnel of RFETS and DOE. Primary 

data users are those individuals involved in ongoing study activities. These are RFETS personnel 

and RFETS subcontractor technical staffs. They will be involved in the collection and analysis @ 
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of the data and in the preparation of all associated reports. Secondary data users are those users 
that rely on the results of these studies to support their activities. Secondary data users may 

include RFETS and R E T S  subcontractor personnel working on OUs or site-wide projects, DOE, 

EPA. and CDPHE. 

4.2 Assessment of Existing Data 

Numerous reports have been developed describing hydrogeologic conditions, water quality, and 

stream-flow data collected at RFETS. The following partial list includes recent reports most 

directly related to the Seepage Characterization study: 

e 

e 

e 

e 

e 

e 

e 

e 

SEEPCHARW 

Characterization of Physical and Hydraulic Properties of Surficial Materials 
and Groundwater/Surface Water Interaction Study at Rocky Flats Plant 
(Fedors and Warner, 1993) 

1995 Hydrologic Characterization Report (publication expected May, 1995) 

Geologic Characterization Report (DOE, 1991a) 

OU 5, TM15 (DOE, 1994b) 

The Hydrologic Data Summary for OU 5 (DOE, 19944) 

Final Phase lI RFI/RI Aquifer Test Report, Rocky Flats Plant, 903 Pad, 
Mound, and East Trenches Areas (Operable Unit No. 2) (DOE, 1992d) 

Phase II Geologic Characterization Data Acquisition, Surface Geological 
Mapping of Rocky Flats Plant and Vicinity, Jefferson and Boulder 
Counties, Colorado (DOE, 1992c) 

Surface water sampling locations and results from the 1989 Site-Wide 
Surface Water and Sediment Geochemical Characterization Reports (DOE, 
1991) 
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0 Results from environmental isotope analyses of groundwater and surface 
water samples presented in the 1995 Groundwater Geochemistry Report 
(DOE, 1995a) 

0 Wetlands locations identified in the U. S. Army Corps of Engineers 
Wetlands Mapping and Resource Study (ACE, 1994; DOE, 199%) 

0 Monitoring well locations posted as of December 1, 1994, on the 1995 
Well Location Map (DOE, 1995b) 

Historical and current conditions of OUs 5 and 6 are summarized in Section 2.0 of this Work 

Plan. Documents specific to OUs are also referenced in Section 2.0 for more detailed 

information. 

The data contained in the sources listed above are not sufficient for the purposes of the projects 

listed in Section 1.2. Specific examples of data gaps include: 

0 Stream-flow data has been collected along Woman Creek in OU 5 but not in the 
upper reaches of the creek or in Rock Creek; 

e Limited spring and seep mapping has been conducted by the USGS, and wetlands 
mapping has been conducted by the U.S. Army Corps of Engineers. However, 
seep mapping is not comprehensive and data have not been collected for seeps and 
springs detailing their geologic sources, flow rates, water quality, etc. 

e Potentiometric surface maps have been developed for RFETS; however, more 
control points are needed to define flow conditions in drainages east of the Rocky 
Flats Alluvium extent. 

0 Aquifer test data in the form of hydraulic conductivities have been collected. 
However, hydraulic characteristics of the Woman and Walnut Creek valley fill 
alluvium below the terminal ponds are unknown. 

0 Background conditions for environmental isotopes in surface water have not been 
established and can only be established in Rock Creek due to the influence of 

.- 
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Rocky Flats Lake and plant operations in Woman Creek and plant operations in 
Walnut Creek. 

Section 1.1 provides more details on the kinds of data that are needed and on the objectives of 
the data collection effort. Data gaps identified in the DQOs and QA& specific to the Phase I 

RFI/RIs of OUs 5 and 6 are detailed in the Work Plans for the investigations of these OUs. 

Refer to Sections 4.0 (DQOs) and 10.0 (QAA) of these documents (DOE, 1992a; 1992b). 

4.3 Objectives and Approach 

The DQO process outlined in the EPA guidance document (EPA, 1994) is not entirely applicable 

to the Seepage Characterization because its intent is not focused on characterization of 

contaminants but of collection of data for hydrologic interpretation. The design of the study was 

based on experience gained from, and data gaps recognized in, the information produced from 

other similar studies rather than quantification of environmental decisions, decision error rates, 

and uncertainty embodied in steps 5 and 6 of the DQO process. Nor is the quantitative method 

used in the DQO process as applicable to the types of data needed to support hydrologic 

interpretation and characterization, as it is to that needed to support environmental 

characterization and remediation decisions. Limited sampling for contaminants in the 

groundwater will be performed as a part of the well point program in OUs 5 and 6. The DQo's 

established for OUs 5 and 6 will be followed during the sampling of these well points. The 

DQos pertaining to OUs 5 and 6 can be found in the Work Plans for these OUs (DOE, 1992a; 

1992b). 

0 
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4.4 The DQO Process 

4.4.1 Statement of the Problem 

The location, flow rate, water chemistry, and source of water in seeps located throughout the 

RFETS buffer zone, and the interactions between the surface water and groundwater is not well 

documented in many areas of concern. The nature and occurrence of contamination at selected 

spring and seep sites is unknown and need to be assessed. Potential seasonal surface and 

groundwater interactions are also unknown and needs to be assessed. Additional data are needed 

to provide improved control of the alluvial potentiometric surface to fill in strategic gaps in our 

knowledge of the shallow groundwater flow system. Several projects need support and/or data 

that will be provided by the Seepage Characterization. These include the OU 5 and OU 6 

Remedial Investigations, the 1995 Aquifer Testing Program, the Site-Wide Groundwater Flow 

Model, the 1995 Environmental Isotope Project, the OU 5 Surface Water Model, and the Site- 

Wide Hydrogeologic Characterization. DQOs and QAAs specific to the Phase I RFI/RIs of OUs 

5 and 6 are detailed in the Work Plans for the investigations of these OUs. Refer to Sections 

4.0 (DQOs) and 10.0 (QAA) of these documents (DOE, 1992a; 1992b) when applying DQOs to 

monitoring locations falling within OUs. 

0 

4.4.2 Identify the Decisions 

To resolve the problem, data must be collected and analyzed to provide information to fill the 

data gaps discussed above. Decisions to be made include what data to collect, the locations of 

monitoring points, monitoring frequency, and sampling locations. 
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I 4.4.3 Identify the Inputs to the Decisions 

The information that had to be learned to resolve the decision includes where the data gaps exist 

spatial and temporally, what monitoring frequency would suffice to collect a representative set 
of data, and the characteristics of the most efficient sample location network. These questions 

were applied to the Seepage Characterization core needs. Project managers having data needs 

that could be satisfied by hydrologic data collection activities were then surveyed and their 

proposed sampling/monitoring scenarios were incorporated into the design developed for the 

Seepage Characterization. 

4.4.4 Define the Boundaries of the Study 

Seven gain/loss measurement sites along Woman Creek downstream of Pond C-2 were dry most 

of the time (Fedors and Warner, 1993). These sites, and two additional sites, have been relocated 

to the western end of the Woman Creek watershed between the western boundary of RFETS and 

Highway 93 (Figure 3). The 39 additional gain/loss monitoring locations will be established in 
Rock Creek between approximately the west RFETS boundary and State Highway 128. After 

establishment of the stream gain/loss measurement network, monthly discharge measurements will 

be taken manually through September 1995. The flow measurements of individual stream 

reaches will be taken synoptically in order to accurately depict gainsflosses within that reach. 

The preliminary locations of 200 known seepdsprings will be based upon recent spring and seep 

mapping conducted by the USGS and recent wetlands mapping conducted by the U.S. Army 

Corps of Engineers (ACE, 1994). Two site-wide inventories will be conducted, one during high- 

flow and another during low-flow conditions. Ten sites will be selected for monthly or semi- 

monthly flow and water-quality monitoring. 
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4.4.5 Develop Decision Rules 

The parameters of interest include flow rate and water chemistry of the surface water, and the 

inter-relationship between surface water and groundwater. This study involves data acquisition 

and analyses for site-wide characterization. The EPA guidance identifies specification of the 

action level and integration of previous DQO outputs into a single statement (that describes a 

logical basis for choosing among alternative actions) as additional activities in developing 

decision rules. Because this study does not involve decisions regarding remediation, and because 

actions are predetermined, determination of action levels and alternative actions are not 

applicable. 

4.4.6 Specify Acceptable Limits on Decision Errors 

Decision error rates are not applicable to this data acquisition and analysis study for site-wide 

characterization. The decision error rates are used to establish appropriate performance goals for 

limiting uncertainty in the data (EPA, 1994). Establishing acceptable error rates is necessary 

prior to determining the appropriate number of data (samples or tests) necessary to support the 

decision with a specified level of confidence. However, as mentioned previously, the 

statistically-based DQO process is not entirely applicable to the Seepage Characterization 

Program because hydrologic characterization decisions were made based on experience gained 

from other similar studies, rather than quantitative evaluation of environmental data to "choose 
among alternative actions (Step 5 of the DQO process)." In addition, the quantitative method in 

the DQO process is not applicable to the type of data needed to support characterization 

activities. 

a 
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4.4.7 Optimize the Design 

The required streamflow and water-quality data will be gathered through Sep ember 1995. A 

that time, the data will be analyzed and the monitoring network can be revised if the data needs 

are not being satisfied or if data gaps become apparent. As discussed previously, the DQO 
process is not entirely applicable to the Seepage Characterization Program. The DQO process is 

most directly applicable to decisions to be made with regard to optimizing design of 

environmental characterization and remediation of contaminated sites. Furthermore, decisions 

were made based on experience gained from other similar sites rather than on the basis of 

quantitative decision making, with specified error rates and uncertainties, as embodied in Steps 

5 and 6 of the DQO process. The quantitative DQO process is often not applicable to the types 

of data needed to support a hydrogeologic characterization. Table 5 summarizes the DQOs for 

the Seepage Characterization. 

0 
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Analytical 
Level 

Identify and monitor seep 
and spring locations 

Visual inspection 

Characterize stream 
gainfl0SS 

I I & I I  

SEEPCHARWP 

TABLE 5 
DATA QUALITY OBJECTIVES 

Measurement of field 
parameters 

Perform isotope 

samples 
analytical testing of 

Perform analytical 
testing of samples 

Flow measurements 

Flow measurements 

Perform isotope 

samples 
analytical testing of 

Water level 
measurements 

I 

Data Use 

Site-Wide 
Hydrogeologic 
Characterization 

Environmental Isotope 
Study 

Aquatic Biota 
Monitoring Program 

ou support 

Surface Water 
Modeling Support 

Site-Wide 
Hydrogeologic 
Characterization 
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Andyt id  
Level 

TABLE 5 
DATA QUALITY OBJECTIVES, Continued. 

testing on samples. 

Data Need 

~~ ~ 

Characterize Occurrence 
and nature of 
contamination at selected 
spring and seep locations 

Water level 
measurements 

Data use 

ou support 

Site-Wide Groundwater 
Model 

Potentiometric Surface 
Map data. 

Water Balance 
Equations 

Aquifer Testing 
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5.0 FIELD SAMPLING PLAN 

5.1 Groundwater Sampling 

Following well-point development, one-time groundwater samples and appropriate Quality 

Assurance/Quality Control (QNQC) water samples will be collected using the techniques 

described in OP GW.06, Groundwater Sampling (DOE, 1992c) (Table 6). Water samples will 
be collected for volatile organic compounds (VOCs), total and dissolved metals, water-quality 

constituents, total and dissolved radionuclides, tritium, deuterium ('H) and oxygen isotopes, 

and potentially other organic or inorganic constituents. Field water-quality measurements for 

water temperature, pH, specific conductance, and dissolved oxygen will be made at the time of 

sampling of each well point. It is likely that up to three field visits to each well point will be 

needed to obtain the necessary water volumes from the well points for the constituent suites 

anticipated. For these constituent suites, up to 16 liters of water may be necessary for a complete 

suite of chemical analyses for the desired analytes. Experience at the RFETS has shown that 

some well points may not yield the necessary water volumes in the three site visits. Concerns 

related to locationdnumbers of specific well points will be discussed with the CTR to achieve 

consensus on a reasonable course of action for this aspect of the field investigations. 

5.2 Stream-Flow and Seep/Spring Sampling 

During Seep/Spring Inventory and Stream-Flow activities, surface-water samples and appropriate 

QNQC water samples will be collected using the techniques described in OP SW.03, Surface 

Water Sampling (Table 6). Samples will be collected and analyzed for tritium, *H and l8O 
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Activity 

Well Point Sampling 

Seep/Spring 
hventory 

TABLE 6 
FIELD SAMPLING SUMMARY 

Sample Type 

Groundwater 

Per Procedure 
GW.06, 
Groundwater 

(DOE, 19920, and 
the methods 
described in Section 
3.0. 

sampling 

Surface Water 

Per Procedure 
SW.02, Field 
Measurement of 
Surface Water Field 
Parameters 
(DOE, 19920 

Per Procedure 
SW.03, Surface 
Water Sampling 

Analytes 

AnalVtiCal 
vocs 
total and dissolved 
metals 
Water Quality 
total and dissolved 
radionuclides 
tritium 
deuterium (2H) 
oxygen ('Q) 

Field 
water levels 
tern perature 
PH 
specific conductance 
dissolved oxygen 

Field 
temperature 

specific conductance 
dissolved oxygen 

PH 

Analvtical 
oxygen ('Q) 
deuterium (LH) 
enriched tritium 

Frequency 

One-time* 

QNQc: 
duplicates - 1/20 
rinsates - l/day 
trip blanks - l/cooler 
containing VOCs 

*water levels 
associated with 
seeplspring 
monitoring locations 
will be taken at 
same frequency of 
seeplspring field 
parameters. 

Two times, once 

inventory and once 

inventory. 

during high-flow 

during low-flow 
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~~ 

Activity 

Regular SeepISpring 
Monitoring (Ten 
springs selected for 
aquatic biota and 
stream gainfloss 
monitoring). 

See p/S pring 

TABLE 6 
FIELD SAMPLING SUMMARY, Continued. 

.. 

Sample Type 

Surface Water 

Per Procedure 
SW.02, Field 
Measurement of 
Surface Water Field 
Parameters 
(DOE, 19920 

Per Procedure 
SW.03, Surface 
Water Sampling 

Analytes 

Fiela 
temperature 

specific conductance 
dissolved oxygen 

PH 

TAL metals 
vocs 
Water Quality 

Frequency 

Two/month during 
high-flow season, 
one/month during 
low-flow season. 

Monthly during 
regularly scheduled 
visits. 

QMW: 
duplicates - 1/20 
rinsates - llday 
trip blanks - l/cooler 
containing VOCs 

isotopes. Field waterquality measurements for water temperature, pH, specific conductance, and 

dissolved oxygen will be made during the site-visit. 

Field sampling data will be entered into DATACAP and provided to the Rocky Flats 

Environmental Data-Base System (RFEDS) data-base with the requisite documentation for well- 

point and sample tracking. The water samples will be shipped to the assigned laboratories under 

appropriate chain-of-custody procedures. RFETS will contract directly with the analytical 

laboratories for the appropriate analyses. 
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6.0 GENERAL FIELD PROCEDURES 

6.1 Equipment Decontamination 

All equipment decontamination activities will be performed in accordance with field operations 

OPs (F0.03, F0.04, F0.07, and F0.12) (DOE, 19920. The field geologist will be responsible 

for ensuring that these OPs are properly followed. 

6.2 Environmental Material Handing, Labeling and Disposal 

It is not expected that environmental materials such as soil cuttings will be generated as a result 

of the studies associated with this Work Plan. However, if any such materials are generated, 

environmental material handling, labeling, and disposal will be performed in accordance with 

field operations and geotechnical OPs (F0.06, F0.07, FO.08, FO.lO, F0.13, F0.23, and GT.02) 

(DOE, 19920. 

The field geologist will be responsible for ensuring that all materials handling and labeling, 

transfer and management of drums, and associated paperwork and data management is completed 

in a timely manner. The field supervisor will inspect all associated records at the completion of 

each field subtask to ensure the applicable criteria has been met. In addition, the field supervisor 

will ensure that the following duties are executed by subcontractor personnel: 

e arranging for the appropriate drums, 

ensuring that waste materials are not co-mingled and are properly segregated, 

ensuring that drums are properly filled, labeled, and positioned in the field, 

ensuring that all documentation is completed properly, and a tracking system is 

e 

e 

e 

implemented to account for each drum, 
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0 assisting with inspections, and 

0 arranging for the transfer of accountability of drums to RFETS. 

6.3 Permits 

Permits must be obtained from RFETS prior to performing work. The subcontractor Field 

Supervisor will work with the CTR to obtain these permits prior to the commencement of field 

activities. The permits are required to meet DOE requirements. The following permits are 

anticipated: 

0 

0 

0 

0 

0 

e 

0 

6.4 

Permit authorizing intrusive work (OP GT. 10) 
Buffer Zone Permit 

Radiation Work Permit 

Project specific land-use permits 

Categorical Exclusion for actions related to the installation of well points installed 
in drainages to maintain compliance with NEPA and requirements of 10 CFR 
1021 and 10 CFR 1022 

Migrating Birds 

Notification of intent to drill wells 

Field Communications 

The subcontractor's Field Supervisor will ensure that field communications are maintained in 

accordance with OP FO.ll (DOE, 19920. 
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6.5 Records and Reports 

The subcontractor's Project Manager will prepare a schedule to accomplish the work. This 

schedule will contain performance and cost measurement data. The subcontractor's Project 

Manager will provide bi-monthly project-status reports detailing cost and schedule performance 

by the 15th of month and the last working day of each month. The report, due on the 15th of 

the following month, will report actual costs of the previous month. The report due on the last 
day of the month will provide estimated costs for the two week reporting period. The project- 

status report will contain Budgeted Cost of Work Scheduled (BCWS), Budgeted Cost of Work 
Performed (BCWP), and Actual Cost of Work Performed (ACWP) by year-to-date and reporting 

period for each subtask. The project-status report will also provide detail on progress for the 

current two week reporting period as well as identify the work planned to be performed within 

the next reporting period. Problems and issues of potential concern will also be detailed. The 

format of the project-status reports will be determined by the CTR. 

The contractor Field Supervisor will ensure that field records are maintained in accordance with 

OPs applicable to each subtask. Field records will also be maintained in accordance with FO. 14, 

as applicable (DOE, 19920. 

The following is a list of reports and delivery schedules identified: 

Bi-monthly costlschedule performance report to be submitted on the 15th and last working 
day of each month. 

Site-Specific Health-and-Safety Plan Addenda. 

Final Well-Point Field Activities Report describing activities, analytical results, and 
incorporating technical review comments. A brief field-activities letter report describing 
the methods used in performing the Seepage Characterization, as described above, will 
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be prepared for submittal. Five copies of the draft and 15 copies of the final Well-Point 
Field Activities Report will be submitted. The report will include methods, locations of 
well points, analytical results, and a summary table of well-point completions including, 
total depth, length of perforated tubing, water level before and after development, and 
other data. Field log sheets for well-point installation, well-point development, water- 
sample collection, and field conditions will be attached to the report as appendices. 

0 Final Stream Gain/Loss, Spring/Seep Inventory, and Seep Monitoring Report for the 1995 
fiscal year incorporating technical review comments, scheduled for submittal on 
September 29, 1995. 

0 At the end of the contract period, original master paper copies (that is, reproducible hard 
copies) and electronic copies of all reports will be provided to RFETS. Electronic word- 
processing files will be in the form of Wordperfect 5.1 or newer version and delivered 
on 3.5-inch, not compressed, diskettes in IBM PC-DOS compatible format. All CAD, 
GIs, and other program files used to create the maps, plates, drawings, and appendices 
in the reports will also be submitted to RFETS. These documents will be delivered to 
RFETS in the format approved by the Records' Management Department. All equipment 
and software purchased for this task-order contract. will also be delivered to RFETS 
personnel. 

The results of water quality and environmental isotope sampling will be reported under separate 

deliverables prepared for the Ecological Monitoring and Environmental Isotope Programs by 

RFETS personnel. 

6.6 Health and Safety 

6.6.1 Site-Specific Health-and-Safety Plan 

Health and safety requirements for this project are established in the project SSHSP and its 

associated Addenda. R E T S  guidelines for applicable health-and-safety practices are referenced 
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in these documents. The SSHSP addresses field-related activities associated with the following 
activities: 

0 Shallow Well-Point Design, Installation, Development, and Sampling; 

Stream Gain/Loss Monitoring and Reporting; and 

Site-Wide Spring/Seep Inventories, Data Analysis, and Reporting. 

0 

0 

6.6.2 Site-Specific Training Requirements 

Site-specific training and experience unique to the RFETS are required for the performance of 

the subtasks described in this Work Plan. Specifically, this training may include, but is not 

limited to: 

General Employee Training (GET) (initial training and refresher every 2 years), 
Radiation Worker Level II, 
Respirator Indoctrination Computer Based Training (CBT), 
3-Day Onsite Hazardous Waste Operations Field Experience Checklist, 
Buffer Zone Indoctrination, 
Site-Specific Safety Briefing, 
DOT Training (for sample shippers), 
DATACAP Training (for sample manager), 
Computer Security CBT (if using a DOE-owned computer), 
Waste Generator Training (for drum handlers, non-radiation), 
Nuclear Materials Safeguards CBT (if unescorted in the Protected Area), 
Decontamination Facility Training Briefmg, 
QA Overview, 
RCRA CBT, 
RCRA Supervisory Checklist, and 
required reading (Standard Operating Procedures (OPs), SSHSP, etc..), as 
applicable. 
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All site-specific training is provided by RFETS. The subcontractor's Project Manager will 

coordinate training schedules for subcontractor personnel and its subcontractors with the RFETS 
ERM training compliance coordinator and collect proof-of-trainingcompliance records prior to 

the initiation of specific field activities. 

a 
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7.0 QUALITY ASSURANCE ADDENDUM (QAA) 

The following section is the QAA which establishes the specific QA controls applicable to the 

field investigation activities described in this Work Plan. This document was developed 

separately from the other sections of this Work Plan; therefore, the format of this section may 

vary slightly from the other sections. 

7.1 Purpose 

This section consists of the QAA for the Seepage Characterization Work Plan. The purpose of 

the QAA is to identify QA requirements and specific measures for implementing these 

requirements, which are applicable to the Seepage Characterization. 

This QAA is intended to supplement the Rocky Flats Plant Site-Wide Quality Assurance Project 

Plan for CERCLA Remedial Investigatio Oeasibility Studies and RCRA Facility 

Investigations/Corrective Measures Studies Activities (referred to as the RFETS Site-Wide 

QAPjP, or simply QAPjP) (DOE, 1991e). As a supplement to the QAPjP, this QAA establishes 

the site-specific measures and QA controls applicable to the actions described in this Work Plan. 

7.2 Scope 

This QAA addresses all quality-affecting activities described in the Work Plan being performed 

by RFETS personnel, its primary subcontractor, and the primary subcontractor's subcontractors. 
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The major actions within this Work Plan, to which this QAA applies, include: 

0 Defining data-quality objectives (DQOs) 
0 Collecting of field data 

0 Sample collection 

0 Sample handling and shipping 

0 Data analysis 

7.3 Basis for Technical Activity 

The work outlined in the Seepage Characterization Work Plan identifies the specific analytical 

needs, sampling requirements, data handling requirements and associated QNQC requirements 

necessary to analyze and understand the nature of seepage conditions in the vicinity of the 

RFETS (Figure 1). 

7.4 Basis of QA Requirements 

The QAPjP was prepared to identify the QA requirements and methods applicable to the RFETS 
EFWD activities, as identified in the Attachment 2 of the IAG Statement of Work (DOE, 19910. 

Section IV.A of the IAG specifies the minimum quality elements that the QApjP must include, 

and references EPA QAMS/005/80, Interim Guidelines wad Specifications for Preparing Quality 

Assurance Project Plans, for guidance in preparing the QAPjP. 
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7.5 Quality Requirements 

The following describes the quality requirements for the Seepage Characterization Work Plan. 

7.5.1 Organization and Responsibilities 

The ERPD is responsible for the overall coordination of the Seepage Characterization project. 

Other organizations such as the internal sampling management group and the subcontracted 

external laboratory will be involved with this work. Responsibilities of other organizations will 

be assigned by the ERPD. 

The organization for this project has been structured such that quality is the responsibility of 

those who have been assigned the responsibility of performing the work. Conformance to 

established requirements shall be verified by individuals and groups not directly responsible for 

performing the work. The subcontractor is responsible for management and coordination of the 

resources dedicated to the project. 

7.5.2 QA Program 

The ERPD CTR is responsible for preparation and modification of this QAA and providing 

internal quality implementation support (including inspections and surveillance of system 

acceptance and performance) to assure that the quality requirements of this QAA and the QAPjP 

are being implemented. The QAPjP was written to address QA controls and requirements for 

implementing environmental restoration activities, as required by the JAG (DOE, 19910. 
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The content of the QAPjP was driven by the DOE Order 5400.1, the RFETS QA Manual 

(RFETS QAM), and the IAG. Both, the DOE Order 5400.1 and the WETS QAM, require a QA 

program to be implemented based on the American Society of Mechanical Engineers (ASME) 

NQA- 1, Quality Assurance Requirements for Nuclear Facilities. The IAG specifies development 

of a QAPjP in accordance with the EPA QAMS-005/80, Interim Guidelines and Specifcutions 

for Preparing Quality Assurance Project Plans. The 18-element format of NQA-1 was selected 

as the basis for both the QAPjP and subsequent QAAs with the applicable elements of 

QAMS-005/80 incorporated where appropriate. Figure 2- 1 of Section 2.0 of the QAPjP illustrates 

where the 16 QA elements of QAMS-005/80 are integrated into the QAPjP and also into this 

QAA (DOE, 1991e). Section 2.0 of the QAPjP also identifies other DOE Orders and QA 

requirement documents to which the QAPjP and this QAA are responsive. 

The controls and requirements addressed in the QAPjP are applicable to Work Plan activities, 

unless specified otherwise in this QAA. Where site-wide actions are applicable to Work Plan 

activities, the applicable section of the QAPjP is referenced in this QAA. This QAA addresses 

additional and site/project specific QA controls and requirements that are applicable to Work Plan 

activities. Many of the QA requirements specific to the Work Plan are addressed in the various 

Work Plan sections and may also be referenced in this QAA. 

7.5.2.1 Training 

The minimum personnel qualification and training requirements that are applicable to RFETS 
and subcontractor staff for RFETS ERPD activities are addressed in Section 2.0 of the QApjP 

(DOE, 1991e). All RFETS and subcontractor personnel that perform quality-affecting activities 

on this project shall have qualification records that document they are qualified to perform their 
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assigned tasks. The ERPD CTR shall identify any RFETS area-specific andor specialized 

training requirements that are applicable to project personnel performing field work. 

Job-specific training for field personnel will include but not be limited to: 

e 

e 

OSHA 40-hour Hazardous Waste Operations training 
OSHA 24-hour Field Experience Checklist 

RFETS Environmental Management Standard Operating Procedures (OPs) 

Laboratory Analytical Procedures that are applicable to their assigned tasks 

Designated Waste Generator will be RCRA Waste Generator Qualified 

e RCRA CBT 
e 

listed in Table 7 
0 

e Radiation Worker Level II 
e 

In addition to procedures training, FGETS and subcontractor personnel shall receive training on 

(1) the requirements of the QAPjP, and (2) the Seepage Characterization Work Plan (including 

this QAA). This training must be recorded by the subcontractor's Project Manager, with 
verifiable documentation of training submitted to the ERPD CTR prior to implementing the 

sampling and analysis activities described in the Work Plan. 

RFETS and subcontractor personnel shall also be qualifred to perform the tasks they have been 

assigned. Personnel qualifications must be documented, with documentation of qualifications 

verified by the ERPD CTR in accordance with ERPD Administrative Procedure 

3-2 1000-ADM-02.02, Personnel Qualifications (DOE, 1994a). 
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TABLE 7 
FIELD AND ADMINISTRATIVE STANDARD OPERATING PROCEDURES 

(DOE, 19920 

Volume I: Field ODerationS 
5-2 1000-OPS-FO.01 
5-2 1000-OPS-F0.02 Field Document Control 
5-2 1000-OPS-FO.03 General Equipment Decontamination 
5-2 1000-OPS-FO.04 Heavy Equipment Decontamination 
5-2 1000-OPS-FO.05 
5-21000-OPS-FO.06 
5-2 1000-OPS-FO.07 
5-2 1000-OPS-FO.08 
5-2 1000-OPS-FO.09 
5-21000-OPS-FO. 10 Receiving, Labeling, and Handling Environmental Materials 

5-2 1 000-OPS-FO. 1 1 
5-2 1 000-OPS-FO. 12 
5-21000-OPS-FO. 13 

5-21000-OPS-FO. 14 Field Data Management 
5-2 1000-OPS-FO. 15 

5-21000-OPS-FO. 16 Field Radiological Measurements 
5-21000-OPS-FO. 18 
4-B 11-ER-OPS-FO.25 

Air Monitoring and Dust Control 

Handling of Purge and Development Water 
Handling of Personal Protective Equipment 
Handling of Decontamination Water and Wash Water 
Handling of Drilling Fluids and Cuttings 
Handling of Residual Samples 

Containers 
Field Communications 
Decontamination Facility Operations 
Containerizing, Preserving, Handling and Shipping of Soil and 
Water Samples 

Photoionization Detectors (PIDs) and Flame Ionization Detectors 
( m s )  

Environmental Sample Radioactivity Content Screening 
Shipping Limited Quantities of Radioactive Materials in Samples 

Volume n: Groundwater 
5-2 1000-OPS-GW.01 
5-2 1000-OPS-GW.02 Well Development 
5-2 1000-OPS-GW.05 
5-2 1000-OPS-GW.06 Groundwater Sampling 

Water Level Measurements in Wells and Piezometers 

Field Measurement of Groundwater Field Parameters 

Volume III: Geotechnical 
5-2 1000-OPS-GT.06 
5-21000-OPS-GT. 10 Borehole Clearing 

Monitoring Wells and Piezometer Installation 
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TABLE 7, Continued. 
FIELD AND ADMINISTRATIVE STANDARD OPERATING PROCEDURES 

Volume IV: Surface Water 
5-21000-0Ps-sw.01 Surface Water Collection Activities 
5-2 1000-0Ps-sw.02 
5-2 1000-0Ps-sw.04 Discharge Measurement 
5-21ooo-oPs-sw. 11 

5-21ooo-oPs-sw.12 Site Description 

Field Measurement of Surface Water Field Parameters 

Operation and Maintenance of Stream-Gauging and Sampling 
Stations 

Administrative Procedures Manual (DOE. 1994a) 
1-50000-16.16 Corrective Action Program 
2-G06-ER-ADM-05.10 
5-21000-ADM-5.01 Document Control 
2-G32-ER-ADM-08.02 
5-21000-ADM-12.01 
5-21000-ADM- 15.01 
3-21000-ADM- 17.01 Records Management 
3-21000-ADM-18.03 Readiness Reviews 

Use of Controlled ScientiFc Notebooks 

Evaluation of ERPD Data for Usability in Final Reports 
Control of Measuring and Test Equipment 
Control of Nonconforming Items and Activities 

7.5.3 Design Control and Control of Scientific Investigations 

7.5.3.1 Design Control 

The Seepage Characterization Work Plan describes the general design considerations for 

implementing work activities, outlining sampling and analysis techniques, and describing 

analytical requirements. 

The QAPjP considers activities that generate analytical data, which requires collection and 

analysis of environmental samples, to be scientific investigations (DOE, 1991e). Controls for 

scientific investigations include: 
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0 Developing data quality objectives; 

0 Collecting and analyzing samples according to approved procedures; 

Establishing and implementing quality controls; and 
Reducing and reporting data in a controlled manner (according to approved 

0 

0 

procedures). 

7.5.3.2 Data Quality Objectives 

Site-specific Seepage Characterization objectiveddata needs and corresponding methods of 

sampling/analysis are outlined in Table 5 of the Seepage Characterization Work Plan. This table 

lists the analytical levels that are appropriate to these objectiveddata needs and uses. (These 

analytical levels are discussed and described in Appendix A of the QApjP.) The analytical levels 

for the Seepage Characterization investigations include Levels I through IV. 

DQos quantitatively and qualitatively describe the uncertainty that decision makers are willing 

to accept in results derived from environmental data. DQos were established to make decisions 

with a 95% level of confidence (based on the EPA Decision Error Feasibility Trials (DEFT), 

Version 3.01, EPA, 1994). 

Precision, accuracy, representativeness, completeness, and comparability (PARCC) parameters 

are indicators of data quality. PARCC goals are summarized in Table 8 below. 
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TABLE 8 
PARCC PARAMETER SUMMARY (Source DOE, 1994e) 

RADIONUCLIDES ANALYTICAL 

PRECISION RPD') c 200% for Pu and 
Am RPD, 30% all others 

ACCURACY Detection Limits in 
GRRASP (DOE, 1990a) 

REPRESENTATIVENESS Based on use of OPs and 
Work Plans 

RPD < 20% (Liquid) 

Comparison of LCS with 
true values 

Based on Use of OPs and 
Work Plans 

COMPARABILITY 
I Work Plans Work Plans 

COMPLETENESS 90% Usable 90% Usable 

Based on use of OPs and Based on use of OPs and 

50% Lab Validation 50% Lab Validation 

1) Relative Percent Difference 

Precision can be defined as how well sample measurement values compare with each other. This 

comparison can be quantified by the Relative Percent Difference (RPD) value. An RPD of 5 

20% will be considered acceptable for analytical results in liquids. An RPD of 200% will be 

considered acceptable for plutonium and americium radiochemistry samples and 30% for all other 

isotopes. The RPD of plutonium and americium radiochemistry samples is higher than analytical 

samples, because these isotopes are extremely sensitive to mesoscopic and microscopic 

heterogeneities within the sample. Because the analytical program for the Seepage 

Characterization will utilize the analytical methods referenced in the GRRASP (DOE, 1990a), 

these objectives are applicable to the Seepage Characterization. These objectives are reproduced 

here in Appendix A. 
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Accuracy can be defined as the agreement of the measured value with the true value of a 
parameter. For analyt~cal and radiochemistry purposes, accuracy is indicated by the comparison 

of laboratory control samples to their true values. 

Representativeness is based on sampling locations specified in the Work Plan. 

Comparability is established by use of DOE and EPA approved standard OPs and 

analyticalhadiochemistry laboratory methods. Field and administrative OPs were listed in Table 

7. Laboratory methods are listed in Table 9 and a specific listing of all methods and analytes 

is attached (See Attachment 1, Title 40 of the Code of Federal Regulation Part 264, Appendix 

IX). Detection limits for ah methods also are given in the GRRASP (DOE, 1990a). When 
deviations from the OPs occur, or when new or nonstandard procedures are implemented, a 

Scientific Notebook System (SNS) will be used as the primary means of documenting 

quality-affecting information (analytical method changes are requested from the program chemists 

and documented in the case narratives). 

TABLE 9 
LABORATORY STANDARD OPERATING PROCEDURES 

ANALYTICAL SUITE: CONTROLLING DOCUME NTS: 

O vms 

svocs 
0 Metals 

Title 40 of the Code of Federal Regulation (CFR) 
Part 264. 

Appendix IX. All laboratory analyses will also 
adhere to protocols specified in Parts A and B of 
the GRRASP (DOE, 1990a). 

Radionuclides Part B of the GRRASP (DOE, 1990a). 

Environmental Isotopes Quality Assurance Document, University of 
Waterloo, Ontario, Canada (1993). 
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. 

Completeness is defined as usable data from 2 90% of all planned field samples. This will 

include 2 50% of the usable data as validated with respect to analytical and radiochemical 

laboratory analyses. 

7.5.3.3 Quality Control 

Field-sampling quality control will consist of collecting field duplicate samples at a minimum of 

1 per 20 samples, collecting equipment rinsate blanks at a rate of 1 per 20 samples or once per 

day, whichever is more frequent, and collecting trip blanks for VOC analysis. Analytical 
laboratory QC for soil sample analyses shall be as specified in the GRRASP (DOE, 1990a). 

7.5.3.4 QA Monitoring 

To assure the overall quality of the sampling and analysis activities associated with the Work 

Plan for the Seepage Characterization project, field oversite inspections will be conducted during 

sampling and analysis activities. Field oversite inspections to be conducted by the ERPD 

Environmental Quality Support will include periodic field inspections, or surveillances. 

7.5.3.5 Data Reduction, Validation, and Reporting 

Data evaluation and reporting requirements for field and laboratory data have been discussed 

previously in Section 7.5 of the Work Plan. 
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7.5.4 Document Control 

Documents produced by RFETS that control the work described in this Work Plan shall be 
"controlled" to ensure that key project personnel receive accurate and up-to-date information. 

Such documents shall be controlled in accordance with Section 6.0 of the QAPjP (DOE, 1991c) 

and with ERM Procedure 3-21000-ADM-5.01, Document Control (DOE, 1994a). 

7.5.5 Control of Purchased Items and Services 

Procurement documents for items and services procured under this project, including services for 

conducting field sampling and analysis, shall be prepared, handled, and controlled in accordance 

with the requirements and methods specified in Section 4.0 of the QAPjP (DOE, 1991e) and in 

ERPD Procedure ADM-4.0 1, Procurement Document Control (DOE, 1994a), including retention 

of purchase order receipts, contracts or any other documentation related to the 

integrity/traceability of the purchased product or service. 

Subcontractors that provide services in support of the Work Plan activities will be selected and 

evaluated as outlined in Section 7.0 of the QAPjP (DOE, 1991~). This includes pre-award 

evaluatiodaudit of proposed subcontractors as well as periodic assessment of the acceptability 

of contractor performance during the project. Any items or materials that are purchased for use 
during the sampling, analysis, and other Work Plan activities that have the ability to affect the 

quality of the data should be inspected upon receipt. 
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7.5.6 Identification and Control of Equipmenfltems 

Samples shall be identified, handled, containerized, shipped, and stored in accordance with EFWD 

Operating Procedure 5-2 1000-OPS-FO. 13, Containerization, Preserving, Handling, and Shipping 

of Soil and Water Samples (DOE, 19920. Sampling identification and chain-of-custody (COC) 

will be maintained through the application of Section 8.0 of the QMjP (DOE, 1991e) and of 

Procedure 5-2 1000-OPS-FO. 13 which provides instructions for preparing COC forms. 

A sample COC will be initiated at the time the samples are collected and maintained through a l l  

transfers of custody until the sample is received at the testing laboratory. Samples shall be 
logged in upon receipt at the analytical laboratory and sample tracking throughout the analytical 

process shall be maintained in accordance with laboratory procedures. 

7.5.7 Control of Sampling and Analysis Processes 

The overall process of collecting and analyzing samples require control. The processes are 

controlled by adhering to the Work Plan and the sampling and analytical procedures referenced. 

The requirements for sample collection are addressed in Section 5.0 of the Work Plan; sample 

analyses are addressed in Section 5.0 of the Work Plan; and data input is addressed in Section 

6.5 of the Work Plan. 

7.5.8 lnspectiun and Assessment 

Quality-affecting activities are subject to inspection and assessments. These assessments will be 

performed formally in accordance with RFETS procedures (e.g., Procedures 3-21000-ADM- 10.01 

and/or -ADM-18.02 (DOE, 1994a)), or informally as requested by line management. The work 
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place and working records shall be accessible during normal working hours for verification or 

audit by RFETS or their representatives during the performance of this project. 

Any nonconformances identified during formal assessments shall be documented with 

Nonconformance Reports in accordance with Section 15 of the QAPjP (DOE, 1991e) and ERPD 

Administrative Procedure 3-2 1000-ADM-15.01, Control of Nonconforming Items and Activities 

(DOE, 1994a). Independent audits of the project may be conducted by the ERPD organization 

in accordance with QA procedures. 

7.5.9 Control of Measuring and Testing Equipment 

Measuring and test equipment (M&TE) used in the screening of samples shall be selected, 
identified, calibrated, and maintained in accordance with the methods established in RFETS 

Administrative Procedure 1-50000-ADM- 12.01, Control of Measuring and Test Equipment (DOE, 

1994a). The M&TE requirements of Section 12 of the QAPjP (DOE, 1991e) are implemented 

through operating procedures specific to the sampling/analysis event, manufacturers instructions, 

and specific laboratory procedures. Field-equipment documentation will be maintained as a QA 

record. Laboratory equipment usage shall be conducted in accordance with the GRRASP 
requirements DOE, 1990a). 

An RFETS-provided equipment inventory will be maintained during periods of active field 

activities. The subcontractor will transfer all equipment back to RFETS upon completion of field 

activities. Documentation of equipment transfer will be maintained by the subcontractor's project 

manager. 
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7.5.10 Handling, Storage, and Shipping 

Samples shall be packaged, transported, and stored in accordance with RFETS Procedure 
5-2 1000-OPS-FO. 13, Containerization, Preserving, Handling, and Shipping of Soil and Water 

Samples (DOE, 19920. 

7.5.11 Status of Inspections, Tests, and Operations 

The status of the sampling and analysis inspections, startup Work Plan activities, log of 

monitoring wells and boreholes, and sustained operations shall be documented according to the 
requirements of Section 14.0 of the QAPjP (DOE, 1991e). 

7.5.12 Control of Nonconformances 

The requirements for the identification, control, evaluation, and disposition of nonconforming 

items, samples, and data will be implemented as specified in Section 15.0 of the QAPjP (DOE, 

1991e). Items, samples, and data that do not conform to specifications and/or requirements shall 

be identified, segregated (where necessary to prevent inadvertent use), dispositioned, and 

evaluated in accordance with approved procedures. Nonconfomances related to the design, 

construction, installation, or testing of the testing system, and any waste-related nonconformance, 

shall be controlled in accordance with ERPD Procedure 1-50000-ADM-15.01, Control of 

Nonconforming Item, Samples, and Data (DOE, 1994a). 
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7.5.13 Corrective Action 

The identification, reporting, closeout, and documentation of significant conditions adverse to 

quality shall be accomplished in accordance with Section 16.0 of the QAPjP (DOE, 1991e) and 

with ERPD Procedure 1-50000-16.16, Corrective Action Program Conditions adverse to quality 

identified by the implementing contractor shall be documented and submitted for processing as 
outlined in the QAPjP. 

7.5.14 QA Records 

Field QA records will be controlled in accordance with RFETS Procedure 5-21000- OPS-F0.02, 

Field Document Control (DOE, 19920. Project records that are considered ERPD QA records 

include, but are not necessarily limited to: 

SEEPCHARWP 

The final report, (including all appendices); 
Design documents; 
Procurement documents; 
Equipment calibration records; 
Equipment maintenance records; 
Construc tiordinstallation records; 
Supplier/subcontractor evaluations; 
b p e c  tion records; 
Test records; 
Logbooks; 
Sampling records; 
Sample COC records; 
Analytical data packages; 
Interim and annual operating reports; 
Action plans; 
Operation manuals; 
Noncompliance Reports (NCRs); 
Corrective Action Reports (CARS); 
Audit reports; 
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0 Surveillance reports; 
0 Self-assessment reports; 
0 

0 

0 

Personnel training and qualification records; 
Any administrative and operating procedures referenced herein; and 
Any other project records that are used to support observations and conclusions 
in the final report. 

All ERPD QA records generated shall be submitted to the ERPD Project File for processing 

according to ERPD Procedure 3-21000-ADM-17.01, Records Management (DOE, 1994a). 

7.5.15 Quality VeMication 

0 QA inspections and surveillances will be periodically conducted by the EQS department 

throughout the duration of project to verify the quality of project data. Readiness reviews will 

be conducted according to ERPD Procedure 3-21000-ADM, 18.03, Readiness Reviews (DOE, 

1994a). 

7.5.16 Software Control 

The requirements for the control of software are not applicable to the Work Plan activities to be 
performed during the Seepage Characterization. 
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APPENDIX A 

Analytical Methods, Detection Limits, and 

Data Quality Objectives 

Source: GRRASP (DOE, 1990a) 
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ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES 

1ot.I &mpedld 

1otr l  O l r r o l v d  

pl 

&I Id. 

&I Id. 

€PI  1a.i I" 

€ P I  1a.V r ' l t  

€PI  110.1' P r '  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

!I 
!I 
!I 
!I 
!I 
!I 
!I 
!I 
!I 
!I 
it 
!I 
!I 
!I 
!I 
!I 
!I 
il 
!t 
!I 
L I  
!I 
!I 
t l  

m' I' I 

'A U P  car 
'I U P  W 
'a CLP W 
'I CLP W 
'I U P  a& 
'I CLP W 
'I CLP W 
'I Cl? W 
'I U P  aar 
'I U P  aar 
la 3 b . i  m d i f i d  for CLP)~'  
'I U P  aar 
'I U P  mr 
'L  U P  mr 
la UP W 
'I CLP aar 
'I U P  a& 
'I U P  aw 
'I U P  aw 
'I U P  aar 
'A aP mr 
'I U P  mr 
'L U P  aw 
'I U P  aw 

m 

10 .I/L 

5 . 1 1 1  

0.1 pa mltr 

200 W L '  
60 
10 
ZOO 
5 
5 
5000 
10 
50 
25 
5 
100 
3 
5000 
1s 
0.2 
40 
5000 
5 
10 
5000 
10 
so 
20 

MA 

u 
0.1 pa mlt. 

60 W K U '  
12 
2 
40 
1.0 
1.0 
2000 
2.0 
10 
5.0 
10 
20 
1.0 
2000 
3.0 
0.2 
8.0 
2000 
1.0 
2.0 
2000 
2.0 
10 
b.0 

WlERlWlL WI€R/salL 

.. ... 

SEEPCHARW MAY 1.1995 

I /  



ENVIRONMENTAL RESTORATION PROGRAM 

Work Plan Section: 
Seepage Characterization Manual: 

Page: 

RF/E R-94-oOO50 
7.0, Final, Rev. 0 

105 of 120 
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ANALYTICAL METHODS, DETECTION LIMITS, AND DATA QUALITY OBJECTIVES 
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APPENDIX B 

Analytical Methods, Detection Limits, and 

Data Quality Objectives Specific to Environmental Isotopes 

Required Detection Limits 

Analyte Method sw GW Water SoiYSed. 

Oxygen- 18 X XU XU 0.Yml n/a 

Deuterium Y XU XU 2/ml n/a 

Tritium, enriched Z XU XU 0.8 T.U. n/a 

x. Heemskesh, A. R., 1993, Water "0 by CO, Equilibration, Technical Procedure 13.0, Rev. 
0 1, Environmental Isotope Laboratory, Department of Earth Sciences, University of 
Waterloo, 1 lp. 

y. Heemskesh, A.R., W.A. Mark, and R.M. Weber, 1991, Deuterium by Zinc Reduction, 
Technical Procedure 4.0, Rev. 01, Environmental Isotope Laboratory, Department of Earth 
Sciences, University of Waterloo, 6p. 

z. Dummie, R., 1989, Tritium Analysis, Technical Procedure 1.0, Rev. 0, Environmental 
Isotope Laboratory, Department of Earth Sciences, University of Waterloo, 25p. 
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8.0 SCHEDULE 

The subcontract period of performance was originally May 11,1994 through September 30,1995. 

This period of performance would have allowed for seasonal variations in the hydrological 

environment to be monitored. However, due to delays in document review and approval and 

subsequent work authorizations, field activities are tentatively scheduled to begin in April 1995 

and continue through the expiration of the original period-of-performance. Monitoring will 

continue after September 30, 1995 pending authorization. 
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9.0 STANDARD OPERATING PROCEDURES AND PROCEDURE 
CHANGE NOTICES 

Work performed for this project will be governed by the QAPjP (DOE, 1991e). The 

subcontractor will comply with all applicable OPs (DOE, 1992f) for field operations as discussed 

in this Work Plan. The OPs identified as being applicable to the activities associated with the 

Seepage Characterization are listed in Table 7, presented in Section 7.0 above. 

Document Modification Requests (DMRs) will be initiated in the event that deviations from the 

OPs are needed in order to more efficiently perform field activities or to improve upon an OP. 

In addition to the above referenced OPs, the EM Radiological Guidelines (EMRG) (DOE, 19940 

and the Quality Assurance Program Description (QAPD) (DOE, 1994g) will also be followed as 

will 10 Code of Federal Regulations, Part 20, DOE 5480.11 (1994h), and the DOE Radiation 

Control Manual (DOE, 19940. 
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